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ABSTRACT

This study was an attempt to map the density field in a fin-flat

plate junction three-dimensionally using holographic interferometry.[ This investigation has extended the density studies by Matulka [(12, 13]3

and Jagota L3, 4] to include, for the first time, interfercmetric fringe

information obtained through a transparent model in supersonic flow. The

fringe information was then inverted by a FORRAV computer program to

produce a plot of the density field around the model. The feasibility

of the method was demonstrated.

The factors which are thought to have limited the success of the ex-

periment include vibration of the model, fluctuations of the tunnel flow

and the fact that the model was somewhat too large in relation to the

size of the wind tunnel test section. Schlieren photography was used to

look through and around the model and to verify that the same flow wasS

established as was reported by Thomas [23, 24] and Winkelma= (26, 27].

The data reduction of holographic interferograms was, for the first

time, accomplished using photographic enlargements. This technique is

considered to be much easier and more accurate than the one used in the

previous investigations. However, the data reduction step, because of

the time and labor involved, is considered to be the rate controlling

process of the whole analysis.
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Io INTRODUCTION

The determinatic, of the flow field in the wing-body junction of. an

aircraft in s.iersonic flight presents many problems. The. typical.ap-

proach has been to measure the static pressure on the surface using

many small pressure taps [23, 241 and to determie the velocity field

i. the junction using translatable pressure probes [18, 19, 2. Thomas

".4] rd Wi-1-'elmann [26, 271 used azobenzene and oil-smear tests

to ('w t', fle," v--d aroun? a flat plate-fin junction. From the streak

patte ns on -- Late and fin, they were able to illustrate the three--

dimensional flow field, although in a partially speculative fashion.

This su," has attempted to map the density field in a fin-flat plate

junction thre,. -dimensionally using holographic interferometry. Although

this objective wa3 not fully achieved, the feasibility of the method has

been demonstrated.

By using a Q-switched laser with exposure times of ahout twenty nano-

seconds, it was poisible to obtain three-dimensional holographic inter-

ferograms of the density field in the fin-flat plate junction. From

holograms taken at a number of viewing angles the fringe shifts :..n dif-

ferent planes could be obtained. By integrating this information using 4

a FORTRAN computer program, the density field can be determined. This

technique has been previously demonstrated for the flow field of a free

jet by Matulka (12, 13) and for the supersonic flow field around a cone

at angle of attack by Jagota 3, 41.

The tests were performed at the Naval Postgraduate School, using the

four-inch supersonic wind tunnel.

2rI



'Ir. EXPERIMENTAL APPARATV!S

A. THE WIND TUNNEL

The investigation was conducted in the Naval Postgraduate School

blowdown-to-atmosphere supersonic wi.nd tunnel. The test section is

four inches by four inches in cross section and six inches long with

two different sets of side walls. The two-inch thick plexiglas side.

walls, which have a refraction index of 1.49, present a complete field

of view of the flow from the '"zzle throat to aft of the test sect-.-n

mounting bracket (Figure 1 (a)). The second set of sidewalls used are

aluminum with high quality optical glass portholes located i.. the test

section area (Figure 1 (b)). The interchangeable nozzle for a test

section Mach number of 2.8 was used for all tests. The nominal run

time is five minutes at Mach 2.8 with the maximum stagnation pressure

of about 105 pounds per square inch.

B. THE HOLOGRAPHIC ARRANGEMENT

The holographic arrangement is illustrated in Figure 2 and shown in

photographs included as Figures 3, 4, and 5. Theequipment stand was

rested on a portion of the building floor that was vibrationally isolated.

A Konrad K-I pulsed ruby laser with a Pockels cell Q-switching unit was

used to produce monochromatic light c- a wave length of 6943 Angstroms

and exposure time of twenty nano-seconds. The laser cavity length was

seventy-three cm. giving a coherence length of about ten cm. To main-

tain the laser head and output etalon at a constant temperature of 27.5

degrees centigrade, a Lauda constant temperature circulator Model N was

used. This was controlled by an electronic relay type R-lO coupled with

a Culligan de-ionizer.
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Holograms were obtained by routing the reference beam under the

iiind tunnel and the sceia beam through the test section, and inter-

secting the two beams on the hologram plate at an intersecting..angle

of appro'ximately 50 degrees. The beaia sizes were controlled by trans--

lating the concave lenses located between the beam spjitter and holo-

gram plate in each beam (Figure. 2). The Q-switched laser. and optics

were aligned using a continuous wave helium-neon laser. For. reference

purposes, grids were mounted on the outside tunnel wals: and. aligned

using a surveyor's transit. The holographic stand and test. section

were completely enclosed in a wooden box to enable holograms to be

taken in the daylight (Figure 6).

C. THE WIND TUNNEL MODELS

The fin-flat plate models used are shown in Figures 7 (a), (b), (c),

and (d). The metal portions of both models were stainless steel. The j
center section, part of one strak.., and all of the other strake of the

first model in Figure 7 (a) were made of epoxy while the center section

of the second model, Figures 7 (b) and 7 (c), was fabricated from plexi-

glas. The flat plate grids in both models were etched into the plastic

surface and coated with a clear plastic to achieve a smooth surface.

The models were rotated about their sting mounts as shown in Figure

7 (d). Alignment for the desired rotation angle was accomplished by

aligning prescribed lines on the sting mount collar with a scribed mark

on the sting stand using a surveyor's transit.

j .
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I1. ANALYTICAL EVALUATION OF THE DENSITY FIELD

A. THE BASIC INTERFEROMETERIC EQUATION

Interferograms are created when two coherent light beams are super-

imposed on each other and projected on a viewing screen. The light and

dark regions observed correspond to the relative phase difference be-

tween the two beams which are caused by a difference in the two optical

path lengths. Consider a coherent beam which is split and then recom-

bined on a viewing screen. A difference in optical path lengths of the

two beams may be achieved in two ways in order to create an interfero-

gram. The first is to make the physical distance traveled by the two

beams different. In a. vacuum this path length difference is expressed

as L = Ct where a. is the speed of light in a vacuum. The second

I way is to maintain equal physical path lengths but to have the beams

I traverse through different media prior to recombining. In this case

each light beam will travel at a speed • where n is the index of re-

fraction for the medium traversed. The optical path length difference

then becomes:

SL = L (n2 - nl) = CAt (i)

The interference pattern or fringes observed may be expressed as a

function of the optical path length difference or

g - (2)

where: g fringe shift

S= wave length of the light source

AL change in optical path

9



Combining equations (1) and (2), the fringe shift is then

g- . (n2 - nl) (3)

The index of refraction is known to be a function of density. Since

the speed of light is only slightly less in gases than in a vacuum, the

index of refraction could be closely approximated by the series expan-

sion [8(

where

gS dimensionless constant related to the Gladstone-Dale

constant by K =

Sreference density of 00 C, 760 mm. Rg.

The variation of with wavelength is small and has a value of

0.000292 for X = 5893 angstroms.

Considering a fixed difference in the index of refraction between

the two beams in Equation (3), then

Pk 00 (5)
I:

If the density varies in a beam path, the net change in the optical path

length will be the integrated effect along the beam path or

- ( , - )ds = Q f(x,Y,Zc)ds (6)

where

S -Q (6a)

10
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S_- - • • -- •• r • •-•: _=, =•.• •• _f - • • • •-•- i- • -- ' - ; ' -- • - • • •:

f(xy, a) k _ '. - 1 (6b)

Zc- a plane of constant Z

ds - incremental distance along the ray

In order to determine the density along the beam path where the fringe

shift is known from an interferogram, Equation (6) must be inr7erted.

B. THE INTEGRAL INVERSION

The integral inversion technique was first reported by C. D. Mal-�

donado et al in 1965 19, 10, llJ. R.D. Matulka 112, 131 and R. C.

Jagota (3, 4J used this method to determine the density variation in

an asymmetric free jet and about a cone at angle of attack, respectLvely.

f The technique involves representing the function, f(x,y,Q in Equation

(6) by a complete set of orthogonal functions where the unknown coef-

ficients are evaluated using the orthogonality relationship between the

set of functions. The functions are orthogonal over the entire plane

and also have the propery of being invariant in form to any rotation of

the coordinate system. Figure 8 illustrates the coordinate system for

the inversion where x and y are the fixed laboratory coordinates and x'

and y' are the coordinates in which the fringe number function is defined.

As the view through the test section is varied the primed coordinates

are rotated with respect to the fixed coordinates x and y.

The fringe shift expressed in Equation (6) way be written as the

trans form

g( ,y , Zc) f(x,yzc) (7)

11



or, inverting the equation, the density function, f, is equal to:
-t

f(x y, , ) T g y ) (8)

The density function can be expanded in the following manner using a

set of polynomial functions, U (¼x,A.y), and unknown comples
tWL

coefficients, C V, W

f(xy~zc) = (9) - , .I-,

wher-i of me0.e

o{=arbitrary scale factor

The polynomial functions, nP (aix, y), are invariant in form to a

rotation of the coordinate system (10, 12, 13]. They also have a Gauss

transform which makes them adaptable to the physical situation and to

manipulating into the fcrm of Equation (7). The functions are defined as:

"L + il
where(1a

L = Laguerre polynomial
k1

L. Ck-3).m-5Y. (10b)

And the Gauss Transform of U,.•k is:

where H (.ij)= Hermite polynomials

By applying the transform above to Equation (9), the fringe function in

12
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Equation (7) can be written as:

gM (- . . ... (12),,,.. •<.[kI;l.m+k)I .<''']'

using the following orthogonality relationship on Equation (12)

e..A

",O ak s (1 3
itvn

where i is the kroneker delta, the expansion coefficients Im

can be determined by:

% t n ( ) C U * IPA ( 1 4 )
Lm~k~Jj(~aj)1 J~j Sd 5 45

Substitution of the coefficients in Equation (14) bact into Equation

(9) results in the density variation being expressed as:X< ,, 40 .,>1ktrnW1 6(Aj
REA (i'O(VA. a (TMr2I. (AkI"~k 3 e.A (15)..~

or by inserting Equation (10): inJ

rmuo k-o

-. ~1 Ca ( csin) S f(+3x~ (16)

where:

SB:.es (M - (17)

""q. 
(18

13
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Equations (16), (17), and (18) are the basic equations used to

calculate the density distribution from the experimentally determined

fringe variations.

C. THE NUIMERIICAL PROCED)URE

The form of the density distribution in Equations. (16), (17), and

(18) must be modified in order to input the experimentally determined

fringe distribution. First from Figure 8 and Equation (6b) it can be

seen that it is only necessary to integrate Equations (17) and (18) over

an area where the density is changing from a known density, ?.' . Out-

side of this region where there is no change in density, the function

f(x,y•z - 0, i.e. outside the test section. Also since the fringe

distribution is taken in small increments over the test area the coef-

ficients, B and D, can be approximated as

B,,~OIL ~ S~X 4X~~C03 (VMS)dSI (19)

too. je
-aD •0J5$

The integral of S is easily determined and by using the derivative for-

mula for Hermite polynonials the integral of x may be manipulated to yield

- stm tt4,~t~s -M.2(OL)' (21)

(=o *,o

" C~CtSV co 3

In the computation of the density function from Equation (16), ob-

taining the infinite summations experimentally is not plausible or A

141
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possible. It has been demonstrated that by using a finite number of

terms and by adjusting the values of A, A x and A, it is possible

to obtain the density distribution with very good accuracy [3, 4, 12,

13]. Equation (16) then becomes:

(23)

IV. EXPERDIENTAL PROCEDUREI?
A. LABORATORY TECHNIQUES

The analysis of a free jet by Matulka t12, 13] illustrated how

holographic interferometry can be used to obtain a complete three dimen-

sional plot of the density within a moving transparent flow field.

Jagota 13, 4] in his study of a cone at angle of attack in supersonic

flow went one step further by introducing an opaque object into an

assumed steady state flow field and describing the density field three-

dimensionally.

This investigation has attempted to determine the three-dimensional.

density field around a transparent object in a supersonic flow field by I
passing a light beam through the object. Si.cifically the interest was

to describe the flow field existing in the junction of a fin-root inter-

section.

1. Model Considerations

In order to obtain unif-.m flow around the fin-root area, a model

of the form shown in Figure 9 was selected. The flat plate has a knife

15



edge and is intended to remain at zero degrees angle of attack so as j
to establish the flow conditions illustrated. The fin edges were made

circular in order to approach flow conditions similar to those estab--

lished in Winkelmann's [26, 27] investigation. Plastic and metal strakes•

were added on the model sides so as to maintain two-dimensional. flow as-

well as to add strength to the flat plate. In the first model constructed "A

(Figure 7(a)), maximum visibility of the plastic fin-flat. plate center

section was achieved by bolting the leading edge and aft plate together

through the plastic center section. Due to model flexure, this design

was found to be unsuitable and the second model in Figures 7(b) and 7(c) j
was constructed. The model was made from a single piece of stainless

steel. The model rigidity was satisfactory but unfortunately the strength-

ening borders around the plastic center section reduced the holographic

visibility somewhat.

Since the wind tunnel blocks were fixed, it was possible to make

multiple test runs with the same flow conditions over the model provided

supersonic flow had been established over the model.

2. Holographic Techniques

In order to obtain holographic interferograms it was necessary to

ensure that the Gptical path lengths of the scene and reference beams

remained approximately equal. Since the ruby laser is believed to have

a coherez.cy length of approximately ten centimeters, the equality of

lengths is far less critical than ta the classical Mach-Zehner inter-

£erometric approach. Consequently a string was used in the experiment

to trace the reference beam and then adjust the scene beam. This method j
"&A

kept the two beam lengths within one centimeter of each other. Since the

scei,' beam traversed approximately 4.5 inches of plastic tunnel walls and

16



grids which the reference beam did not, it was necessary to compensate 2

by making the scene beam physically 2.25 inches shorter thaa the re--

ference beam. The reference beam varied in length from 61 inches to

68 incbhs during the experimentation.

To determine the fringe/density field, finite fringe interfero-

grams were made by three different techniques. In the direct fin-root

flow approach the diffuser plate was part of the model. Either the A

mirror, M5, in Figure 2 or the hologram plate holder was translated be--

tween the no-flow exposure and the flow-established exposure. In the

total model flow method the diffuser plate was located between scene

beam lens, L3 , and the test section (See Figure 2) and it was translated

horizontally or vertically. Translations were varied from .001 inches

to .006 inches with the translation distance of .003 inches yielding the

best fringe separation.

Most of the holograms taken using basically the holographic ar-

rangement shown in Figure 2 gave well-defined fringe patterns. In order

to improve upon the fringe definition, a variety of techniques was at-

tempted. The transverse mode selector was varied from 1.0 mm. to 2.5 mm,

in increments of 0.5 mm. to determine the best lighting of the model.

The hologram plate holder was rotated horizontally to various positions.

These positions varied between being perpendicular to the scene beam to

being perpendicular to the bisection of the angle between the scene and

reference beams. Polarization plates were added in both the scene and

reference beams between the test uection and hologram plate it the scene

beam and between the lost mirror, M4, and the hologram plate in the re-

ference beam. A one-r,uarter wave plate was also placed between the first

lens, Ll, and the be.1m splitter as recommended by Okayama and Emori t14].

17



The holograms were taken using 4" x 5" Agfa-Gavaert 8E-75. holo-

gram plates. The developing process involved:

1. Five minutes in Kodak D-19 developer

2. Thirty seconds in an acetic acid stop bath

3. Five minutes in standard fixer

4. Five minutes in a flowing water bath

5. One minute emersion in Kodak Photo Flo wetting agent

6. Drying using blowing cool air

a. Direct Fin-Root Flow Method

Since the flow field in the fin-root junction is assumed to

be identical on either side of the fin, then it is only necessary to

determine the density on one side of the fin. To accomplish this it is

necessary tc obtain holograms for 1800 of view as shown in Figure 10.

The holograms for the views from 00 to 900 can be obtained by using a

frosted fin and flat plate as shown in Figure 11. The advantage of

having the frosted plate as part of the model is that the fringe/density

information obtained by the interferogram is believed to be only for the

area between the fin-root intersection to the tunnel wall vice the whole

test section, but this was not verified. In order to obtain the fringe

information for angles greater than 900 but less than 1800 the fin

would be exchanged for one containing a stainless steel reflective sur-

face. The scene beam would then enter the test area from the viewing

port below the tunnel and be reflected to the hologram plate as shown

in Figure 12.

b. Total Model Flow Method

In this method the diffuser plate was located in the scene

beam outside the test section as shown in Figure 14 and the flat plate



center section and fin were made of optically clear plexiglas. By

translating the diffuser plate between exposures of the hologram, an

interferogram of the whole dersity field in the test section about the

model was obtained. From Figure 13 it can be seen that due to symmetry
0)

only 90 of view was required to obtain the density field. This makes

it much easier experimentally to take the holograms than the previous

method described.

3. Schliuren Analysis

A staniard Schlieren knife-edge system was used to verify the

establishment of the supersonic flow network around the model as shown

in Figure 9. Photographs were also taken of the flow with the model at

00 and 900 rotation in order to compare the fin shock conditions with

those obtained by Winkelmann (26, 27].

B. PHOTOGRAPHIC TECHNIQUES

By illuminating the holograms with a helium-nion laser beam which

has a wave length of 6328 Angstroms, the original scene was reconstructed.

Since the original scene beam and the reconstructed beam were of different

wave lengths, there is actually a small distortion in the reconstructed

scene but of neglectable effect because the hologram plate emulsion in

the development process also shrinks.

The typical method for reconstructing the scene is to illuminate the

hologram as illustrated in Figure 15. The diffuse glass used in the con-

struction of the hologram appears to act as an infinite light source of

non-parallel rays which illuminates the scene. If a small aperture is

positioned at the focal plane of the imaging lense, an almost parallel

set of rays may then be selected as shown in Figure 16. A third method

19



illustrated in Figure 17 uses a small diameter conjugate beam to illu-

minate the hologram. A large depth of field is achieved because the

narrow beam acts as an aperture. This effect was of considerable ad--

vantage since it enabled both the front and rear grids, the model, and

the fringe patterns to be simultaneously projected on the screen. The

best photographs were obtained by focusing on the plane of the fringes.

C. DATA REDUCTION

Photographic interferograms were obtained by illuminating the. holo--

gram scene with a thin laser beam and using a camera with a viewing screen

located in the film plane as shown in Figure 15. The line of sight in

the plane desired was achieved by translating the hologram until common

points on the front and rear grids were aligned. The camera, with the

aperture set wide open at 7.7, was then adjusted to give the best. focus

on the fringe plane. The best photographic results were achieved by

using an exposure time of 1/10 second with Polaroid Type 55 P/N film.

It was felt that the density field could be well defined three-di-

mensionally along the fin if the density fields were determined in four

planes perpendicular to the Z-axis andequally spaced along the fin as

shown in Figure 18. In obtaining the fringe data across a constant Z-

plane it would be necessary to take six photographs per rotation angle,

aligned at appropriate intervals down the y' axis, and then graphically

mate the fringe data to form one complete set. The six photos across the

field were felt necessary because the optical path length from the model

to the hologram plate varied for those points not on the aligned plane.

The fringe shift reduction was accomplished using two different tech-

niques. The first was to project the negative, using a photo enlarger,

20



onto a sheet of paper and %:race ou.. the fringe pattern, model surfaces

and grid lines. The light fringes were traced out since it was much

easier to judge their center line. From the fringe lines forward of

the fin in the region of uniform flow one fringe line which appeared

the straightest and compatible with mo.t others was selected as the

bench mark. A straight line was then drawn over that fringe and extended

past the aligned Z plane (i.e. y' axis). Lines parallel to the bench

mark line werc then drawn likewise over the remaining .7tinge lines. The

fringe displacements were then read relative to the lines drawn at the

points of intersection of the fringes with the y' axis. The radius of

the inversion circle was selected so that the fin-root intersection was

the origin and the fin tip was the 100 percent point.

In the second technique an enlarged positive photograph was made

from the negative. Again one fringe line in the uniform flow region

just forward of the fin which appeared to be parallel with the majority

of the fringes was selected as the bench mark. The remaining fringes

were likewise traced over with lines parallel to the first.. The fringe

displacements were then measured relative to the lines drawn. For fur-

ther details see Appendix A.

The locations at which reference lines crossed the y' axis in both

techniques above were further adjusted to account for the tumnel wall

refraction displacement as shown in Figure 19 and computed by a computer

program in Appendix B. Once these corrections were made, the radial

variation of the fringe number could then be plotted for the various y'

alignw?.o-t planes and a smooth curve drawn through the data points. The V
fringe number at 201 equidistant points across the field can then be

obtained for input into the computer program, HOLOFER, in MODE 3. For
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further details on how to use the computer program, HOLOFER, see Appen--

dix C. Once the data from all the rotation angles of the model have

been put into the computer program, the program will then calculate the

density field across the inversion circle for that Z-plane. After the

density has beet. :alculated for all four Z-planes in. Figure 18, a three-

dimensional plot of the density field can be made by connecting points

of equal density across the fin.

V. EXPERDIENTAL RESULTS AND DISCUSSION

The initial attempts to establish uniform flow over the flat plate

shown in Figure 7(a) were unsuccessful due to model vibrat .on and flexure..

Movement of the model sting within its holder and flexure of the model )

plastic center section allowed the model leading edge to establish a lit-

tie over 1° angle of attack upward when flow was established. Due to

various modifications made in attempts to eliminate the vibration, the

sting finally fractured.

In an attempt to eliminate these problems, the second model shown in

Figures 7(b) and 7(c) was made of a single piece of stainless steel and

the sting was mated to its holder to within .001 inches. The model center

section was made of poured epoxy and the strakes were both made of stain-

less steel with plexiglas inserts. The model rotation about the sting

was reduced to approximately 0.30 angle of attack upward. Due to the

vibration in passing through the transonic range and L weak glue seal ii
between the metal strakes and plexiglas inserts, the inserts were found

to break loose. They were subsequently removed and not replaced.

In order to determine the flow field using the direct fin-root approach,

the epoxy fin and model center section were frosted on one side using fine
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emery paper (see Figure 20). Holograms were taken of the model at ro-

tation angles of 00, 120, 450 and 900 using the holographic arrangement

in Figure 2 excluding the diffuse; plate between lens, L3 , and the test

section. The mirror, N5 , was translated in various directions from to-

wards to parallel to the test section between the exposures without flow

and with flow established. Fringe patterns were obtained around the

model, but only at 0* and 120 rotation could any fringe patterns be ob-

served across the fin. It was found that the fin fringe pattern appeared

to remain almost'unchanged no matter how or how much the mirror, M5 , was

translated while the fringe around the model changed appropriately. For

instance, in Figure 21 the mirror was not translated and in Figure 22 the

mirror was translated .006 inches horizontally parallel to the tunnel.

Since fringes could not be observed across the flat plate at 450 and

9d, it was felt that the epoxy center section might be too imperfect

optically. Consequently double-ecposed holograms were taken with no

flow through the test section and various translation distances from 0

to .005 inches. The fringe patterns were excellent across the whole

model and their spacing decreased according to the increase in the trans-

lation of M5 . Next the diffuser plate in the scene beam in Figure 2 was

inserted with the model at 00 rotation angle and translated between no

flow and flow exposures of the hologram. The fringes about the model

were of excellent quality but the double diffusion of the scene beam

through the model caused all fringe patterns on the model (fin) to

disappear.

It was felt at this point that the fringe pattern obtained across the

fin was caused by the movement of the model to an angle of attack and

possibly by model vibration, although none was observed visually. The X
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lack of any fringes across the flat plate center section is not well

understood but is believed to be caused by vibration of the model.

Since it was not possible to obtain acceptable interferograms with

the diffuser plate. as part of the model due to model motion, it was felt

that the effect of minor model movements could be eliminated by using

an optically clear model and an external translating 4iffuser plate.

Therefore the fin and model center sections were replaced with optically

clear plexiglas. With these changes it was found that the flat-plate

leading-edge angle of attack had been reduced ',o approximately 0.10.

Initially double-exposure holograms were taken using the arrangement

in Figure 2 and translating the diffuser horizontally. At 00 model ro-

tation the holographic interferograms were excellent. But as cbserved

in Figure 23 it would be extremely difficult to.determine the fringe

change across the fin since no free stream reference fringes were avail-

able, due to the flat plate leading edge Prandtl-Meyer expansion and fin I

shock intersecting the tunnel top just above the fin. With a larger tun- I

nel or smaller model this would be an excellent technique.-

The diffuser plate was then translated vertically between exposures

and excellent horizontal fringe patterns were obtained as shown in Figure

24. The model was then rotated to 22½ and the same holographic technique

was used. Excellent fringe patterns were obtained above and below the

flat plate center section. Fringe patterns across the flat plate center

section and fin in this area were very light and usable interferograms

could not be photographed with the polaroid camera. In an attempt to

improve on the fringe quality, polarizer plates were inserted in the

reference beam between the mirror, M,, and the hologram plate and in the

scene beam between the lens, L3 , and the diffuser plate in order to ensure
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polarization of both beams. No significant improvement could be noticed

and they were subsequently removed. A one-quarter wave polarizer plate

was then placed between the lens, L1 and the beam splitter in order to

utilize circularly polarized light for the reference and scene beams.

Okayama and Emori (14] found that their image resolution improved con--

siderably; however, with this particular arrangement little to no improve--

ment in the fringe resolution was observed and the approach was abandoned.

The transverse mode selector was then varied from 2.0 mm. to 1.5"mm.

and later to 1.0 mm. in an effort to improve the coherency length of the

laser light and consequently the image resolution. Due to the decrease

in output light intensity, up to six exposures were taken during a run

with flow established. Image and fringe definition were n~t found to

increase possibly due to model vibration which was not visible to the eye.

The model was rotated to 450 and 67?° and double'exposure holograms

were taken with a 2;5 mm. transverse mode selector. There were no ob-

servable fringe patterns in any portion of the test section. Consequently

it was believed that supersonic flow was not established due to tunnel

blockage caused by the shock wave from the model and by slight model

vibrations in passing through the transonic range. In the transiticn to

supersonic flow, the model leading edge would sometimes flex as much as

0.20 depending upon the transition time.

The test section walls were changed from the total plexiglas side walls

shown in Figure l(a) to the aluminum walls with the optical quality glass

port holes (Figure 1(b)). The better quality glass would hopefully im-

prove the viewing and the port holes made the model much more accessible. A

The metal strakes were also removed from the model since they appeared

to have a minimal effect on the flow, were an interference optically,
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flow was established. The plate leading edge shock and fin shock

appeared quite fuzzy and light. Due to oil from the tunnel supply reser-

voir mixing in the flow, a light oil smear pattern can be observed across

the fin in Figure 26. During one run, which could not be duplicated, the

model pitched up as flow was established but did not vibrate. The plate

sho..k and Prandtl-Meyer waves, fin shock system, and tunnel Mach lines

became very distinct and well defined as seen in Figure 27. The schematic

of the Schlieren photographs in Figure 28 points out the cause for the

various flow lines observed. The non-uniformity of the free stream caused

by tunnel leakage can be easily seen. Consequently the experimental work

was discontinued due to tunnel conditions and time considerations.

It was felt at this point that if the holographic interferogram taken

of the clear plexiglas fin at 00 rotation angle could be reduced to use-

ful data for the computer program then the holographic method woald be

to a certain extent verified even though the actual density field could

not yet be determined.

In obtaining interferograms from the hologram, the reconstruction

technique shown in Figure 15 was used. The plane of constant z across

the model to be reduced was chosen to be the forward most vertical grid

line crossing the fin. It should be pointed out that in order to simplify

the hologram alignment process, all four reduction planes across the model

should have been scribed on the exterior grids. The three photographic

points across the Z plane on the y' axis were, for convenience, chosen

to be where horizontal exterior grid lines crossed the y' axis on the fin.

Five interferogram photographs were taken at points A, B, and C as shown

in Figure 29. Photographs 2 and 5 were taken using a Kodak Wratten Gelatin

Filter N.D. 2.0 placed in the reconstruction beam in order to reduce the
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beam intensity and increase the fringe definition. These two photo-

graphs were also used to provide a check on the consistency of the re-

duction process.

All five negatives were blown up on the photo enlarger in the dark

room and the plate, fin, grid lines and fringes were traced out on a

sheet of white paper as shown in Figures 30-34. It was very difficult

to trace the fringes in the region of the fin tip and fin root due to

the photographic resolution and the fin tip shadow. Also fringes were

not visible in the region of the fin leading edge shock. Consequently,

connecting the fringe in front of the fin to the correct fringe on the

fin was a best guess effort. Typical of the problem was that fringe

lines in two of the drawings were initially improperly connected across

the fin leading edge shock. After being checked against the photograph

negatives,the fringes were reconnected and the data taken correlated

well with the data from other drawings. The fringes in the fin root

area were extremely light in some photographs which made it quite dif-

ficult to determine their centerline crossing the y' axis.. Ancther

point of difficulty was determing the location of the top and bottom

of the fin. An error in drawing here will have an effect later when

the fringe locations are normalized with respect to the fin height.

Enlarged positives were then made from the negatives as shown in

Figures 35-39 to see if the data accuracy could be improved by eliminating 1
the difficulties of tracing the fringes in the dark room. This method

also made it possible usually to reassess the assumed path of the fringe

lines at a later time if the data did no appear to correlate properly. t

The same problems of locating the fringe lines in the region of the fin

tip and of connecting the fringe lines across the fin shock are readily

apparent in the figures.
28
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To obtain the fringe change across the fin one of the straightest

fringes in the free stream region which paralleled the majority of

other free stream fringes was selected. A straight line was drawn

through its centerline and extended to cross the y' axis. The other

free stream reference lines were then drawn parallel to the first and

adjusted co as to best follow the centerline of the selected fringe.

This metbod actually averages the free stream conditions and is only

valid if the free stream is essentially uniform. Sinceit was not pos-

sible to obtain in the photographs the free stream fringe pattern for-

ward of the leading edge Prandtl-Meyer expansion for the lower fin region,

the fringe reference lines in photo enlargements were drawn over the

fringes jsyst prior to the fin shock. In 6rder to adjust them to free

stream conditions their location was moved downward a distance ' al to

1.1 times the averagn fringe interval for that photograph. The figure 1.1

was observed in all the enlarged photographs to be the approximate fringe

change across the Prandtl-Meyer expansion. In the drawings (Figures 30-34),

fringe reference lines for the lower fringes (generally y'4.8) were

initially aligned along the straightest portion of the fringe prior to

intercepting the fin shock. By comparing the reference line location on

the drawing with the fringe pattern in the photographic enlargements the

reference line location and fringe change were adjusted by an appropriate

portion or all of the 1.1 fringe change caused by the Prandtl-Meyer ex-

pansion. All of the reference lines were then corrected for the tunnel

wall and grid plastic parrallax shown in Figure 19 and computed in Appen-

dix B. The reference fringe locations were then normalized with respect

tn the wing height and the fringe numbers calculated by dividing the

fringe change by the average fringe interval. For further details and

calculations see Appendix A.
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The data obtained for alignment points A and C by the two different

reduction processes are plotted i.L Figures 40-43. The data obtained

from the photo enlargements aligned at point C and shown in Figure 43

gave the best data agreement between two photographs. The w3rst data

agreement was obtained from the reduction of the drawings aligned at the

same point. The inconsistency in the data wes probably caused by con--

necting the wrong fringe lines across the fin leading edge shock. The

data fluctuations and discrepencies between the curves in the figures

could have been caused by a number of things. Vt ;.ould have bpen caused,

for instance, by not drawing the fringe reference line parallel to or

exactly on the free stream fringe center line or slightly missing the

fringe center as it crosses the y' axis or by misconnecting fringe lines

across the fin shock as was illustrated in Figure 42 Fringe location

errors could be caused by misdrawing the fin tip and root lines as was

mentioned earlier. Another contributer would be measurement errors.

To analyze these sources for error, first consider that the typical

fin size in the drawings and photo enlargements averaged about 2.5 inches

high and 2.75 inches wide and that the fringe spacing averaged about

0.10 inches. All measurements were taken using a ruler graduated in

0.01 inches and readings were made to the nearest .005 inches. Since the

average difference between the data points and curves rat, arcund k fringe,

some figu:es were calculated to determine what measurement errors could

produce this fringe error. It was found that an error of .025 inches in

alignment of the fringe reference line with the free stream fringe center

line and/or fringe center line crossing the y' axis could produce k fringe

error. This fringe error will also occur i. the fringe reference line

differs from the free stream center line by more than 1.40 when drawn 1

inch from the y' axis or by more than 0.36' when drawn 4 inches from the
30



y' axis. A difference of .01 inches in the average fringe interval

could also produce a k-fringe error; however, this is not too likely

since it is an average of fifteen to twenty-five intervals. By corn--

paring the actual height-to-width ratio with those found in all. the

drawings and photo enlargements it was found that average error was

around 27. or a distance of .02 on the y'-axis.

In order to compare the interferogram negative quality and the two

different reduction techniques, a plot of the data for each negative was

made as shown in Figures 44-48. Photographs i and 3 in Figures 44 and

46 gave the smoothest curves indicating the highest interferogram re-

solution. Photograph 5 (Figure 48) gave the worst dispersion indicating

poor interferogram resolution; yet looking at the enlargement in Figure

39, the fringe line contrast is very good. In comparing Figures 40-48

it appears that the reduction technique using the photographic enlarge-

ments gave the most. consistent data. This techniq'ie also provides a

much easier and faster recheck on the proper tracing of fringe lines

because it is extremely difficult and tedious to duplicate the fringe

pattern to the same scale over the drawings using the photo-enlarger in

the dark room.

All the data obtained by either method for one alignment point were

then plotted in Figures 49 and 50 in order to observe the dispersion.

A fringe number dispersion of about 0.6 fringes was observed in th2 data

taken from the negatives aligned at point A and a dispersion of about

0.8 fringes for the data about point C. The dispersion is attributable

to the inaccuracies in the drawings, to the photographic quality of the

interferograms, and to the inaccuracies in correcting the lower fringe

reference lines to free stream conditions. The last point is based upon

the increased dispersion between the fin tip and fin root data.
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Figures 51 and 52 show an integrated curve of the fringe change across

the wing as determined by each reduction method. In constructing the

curve, the data from the three aligned pointi was plotted so as to just

overlap each other. These two curves were then compared in Figure 53.

The maximum variation in tha fringe number is about. k a fringe but the

variations in the location nf the fringe maximums and minimums average

about 0.1 inches on the fin. The location difference is probably due to

improper drawing of the fringe reference lines compounded with not being

able to measure the wing height accurately. Due to the inaccuracies

introduced in tracing the negative and then reducing the data it is felt

that the photo enlargement method is the more accurate reduction method.

With fringe data from only one field of view, the density field, ob-

viously, could not be obtained. It was felt useful to consider the

flow field axisymmetric in order to exercise the computer program and to

provide a check on the program's ability to handle these particular curve

shapes. Fringe data at 101 equidistant points across the fin from

O(.Y',4 1.0 was obtained from Figure 53 for both curves and fed in HOLOFER

in Mode 3 for the axisymmetric case. For further details on HOLOFER see

Appendix C. The scale factor, cK , in Equation 9 was then varied from 0.2

to 2.5 and a value to 1.0 was determined to yield the most accurate den-

sity solutions. This value was verified by feeding the function data,

( >[. -1), calculated by Mode 3 back into the program in Mode 1 and

comparing the fringe data calculated with the original fringe data obtained

from Figure 53.

The density distribution for both the drawing and photographic reduc-

tion cases is plotted in Figure 54. The density as Y' approaches zero

actually goes as Lhe diawn lines even though the points indicate a dip.
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Matulka [ 12, 13] pofnted out that the computer program accuracy does

not converge at the origin. The large variations of the density curves

at values of Y'> 0.8 are caused by the program trying to adapt to a step

or shock wave type function at Y' - 1.0. If. the remainder of the fringe

data in Figure 53 for values of Y'> 1.0 had been included as input data

the density curves would have sroothed out. This shock wave step function

effect was demonstrated and analyzed by Matulka [12, 13].

The low values of density for the photographic data curve around

YO - 0.38 were unexpected but not surprising. First, the photographic

fringe data curve is more extreme than the drawing fringe data curve and

second, the density curves are not true values anyway since the field

was considered axisymmetric and this is not the case in reality.

In general the density curves are felt to be reasonable under the

assumed conditions. Consequently it is believed that the computer pro-

gram could very easily and accurately handle a ;omplete analysis of the

flow field around the fin-flat plate.

ITn completing the analysis there are some data reduction problems

which would have been encountered in reducing the interferograms at

other model rotation angles which merit discussion. With no model ro-

tation, adjusting the fringe reference lines close to the fin root to

account for the leading edge Prandtl-Meyer expansion was relatively easy.

However, when the model is rotated, the fringe shift across the Prandtl-

Meyer expansion can no longer be considered a constant and it will be

very difficult to adjust the fringe lines at lower values of Y' to free

stream conditions. The best solution would be to increase the scene

beam diameter and/or reduce the model size in order to photograph the

free stream fringe lines forward of the plate leading edge. The free
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stream lines could be connected to the appropriate fringe lines forward

of the fin and this would eliminate the numerical correction and increase

the fringe data accuracy.

Also at the rotated angles, fringe information will not be available

for portions of the reduction plane due to shadows cast by the model

sides as shown in Figure 55. In the lower portion of the hologram the

fringe curve can be connected with a smooth line because the density

field in that portion should be essentially constant. Care must be taken

in completing the curve, though, since this information will be used in

the integration of other rotation angles. The fringe curve in the upper

portion must also be completed carefully bht should be easier since the

shadow will be smaller. For this particular model it was calculated

that for angles greater than 46.60 the upper shadow would not penetrate

the fin.

There are two more problems to be coped with which do not have ap-

parent solutions at this time. The first has to do with the superimposing

of fringe information from different locations onto one scene beam line

as illustrated in Figure 56. In case I the superimposing of the fringe

change in Region A onto that in Region C and locating the fringe refer-

ence line at pdnt C' is tolerable because the density field in Region A

should be fairly constant and uniform. However in case II where the

fringe change in all three regions are superimposed and located at point C", i
the answer is not readily apparent. If the plate and fin were of equal

thicknesses then points A" and C" would be the same and the error would

be somewhat reduced. If, in addition, the thicknesses were made as thin

as structurally possible, the error would be reduced to a minimum. Also

it might be possible to integrate the model geometry into the computer pro-

gram but this has not been attempted.I
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With the model at rotation angles between 00 and 900 scene beam de-.

fraction at the fin root and tip areas would also present. problems as

seen in Figure 57. A minimization of the problem could again be achieved.

by minimizing the -fin and plate thicknesses.

V1. CONCLUSIONS AND RECOMMENDATIONS

The investigation, although not totally successful, has demonstrated

the feasibility of using holographic interferometry to determine the

flow field around a transparent model by looking through the model. The

problems of model vibration and movement, of superimposing different I
fringe information on one beam, and of scene beam divergence through the

fin root and tip regions must still be solved. The model vibrations and

rotation to an angle of attack are attributable to the tunnel pressure

fluctuations caused by tunnel leaks and to possible movement of the sting

holder. It is felt that all three problems could be decreased to neglect-

able effects by reducing the overall model size and by incorporating the

model geometry into the computer program.

The basic holographic arrangement was found to work quite well for

this type of experiment. The holograms were generally high quality

except when unfavorable tunnel flow conditions existed. The use of

circularly polarized light recommended by Okayama and Emori J14dSl~did nOt

increase the hologram resolution appreciably but the method merits fur-

ther considerations because of their excellent results.

The data reduction process was found to be the rate-controlling stepi

in the investigation due to the time and labor involved. Reducing the

data from enlarged photographs of the interferogram saved some time and

appeared to increase the data accuracy. The data scatter of + 1/8 fringe



was considered acceptable considering the fringe resolution in the holo-

grams. It was felt that this could be reduced by using either a larger

tunnel or a smaller model. With either of the changes 1t would be pos--

sible either to use the free stream fringe pattern forward- o the model

as the reference conditions across the whole model or to use a vertical

fringe pattern, since the leading edge Prandtl-Meyer expansiorr and fin

shock would not block out the free stream fringes above the fin. It J
appears that the use of vertical fringes would also considerably reduce

the data reduction time.

With the use of Schlieren the flow network described by both Thomas
123, 24] and Winkelmann [26, 271 was verified to exist. From the top

view (900 model rotation) the fin shock and its fluctuations were ob-

served and photographed through the flat plate plastic center section.

The computer program, HOLOFER, was found to be quite capable of

handling the type of flow field fringe data which would be generated in

a complete analysis of this type. As pointed out before it is believed

that the program should be modified to incorporate the model geometry.

I
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Figure l(a). Wind Tunnel Test Section with Clear Plastic Side Walls
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Figure 6. hlolograri I'latforwr Box Cover for flayllht Photography
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Figure 7(a). Initial Fin-Flat Plate Model Used In the Experimient
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Figure 7(c)1. Details of~ the Second Fin-Flat Plate M~odel
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Figure 7(d). Model flountint. in the Wind Tunnel Test Section1
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Figure 10. Desired Holographic Views in the Direct Fin-Rdot Method
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Figure 11. achematic of the Y.odel Used to Obtain F~olop~raphic Views
Between O'and 90" In the Direct Fin-Root Method
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Figure 12. Schematic of the Model Used to Obtain Holographic ViewsBetween 90P and 180" in the Direct Fin-Doot Method
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Figure 20. $chemat'Ac of the Diffused Plastic Portion of the MIodel N
Required in the Direct Fin F'low, Method
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Figure 21. Interferogram Oi'tained in the Direct Fit Nlow Method viththe Hfodel at 0* Potation, .•acb 2.F4 and no Translation
of Mirror, M!' 5i



Figure 22. Interferogram Obtained in the Plrect rin Flow Method with
the Model at 0 Potation, I!ach 2.84 and a .006 inches
Translation of Mirror, IM, Parallel to the Test Section
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Figure 23. Interferogram Obtained In the Total Flo, Mlethed with the
Clear Plexiglas Fin 'Model at 0C Potation, Mach 2.84 and
a .0015 Inches horizontal Translation of the Diffuser

Plate Parallel to the Test Section
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Figure 24. Interferogram Ob~tained in theTota, Fo Maetho 2ith ad

Clear Plexiglas Fir Vedel at 0' Rotation, Mach 2.P4 and

a .C045 Vertical Translation of tle piffuser Plate

Parallel to tile Test Fectior
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Figure 25(a). Ilflustration of tle sh~od ;vtvort brouild the Fin at

~aci ~ ' itha ()r 'Hedel P~otationl Angic UsinF a

llori7.ottal Knif. Idgce schilierer vsytcew
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Reproduced from

best C1.ailabl OY

Figure 26. Illustration of ti.e 1!od ul Flow Net%,orl. at M!ach 2.84, ? ,j

Mlodel notation and a Plate Vibration of +.05 :ngle of

Attack Usinp a Schilleren System
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Figure 27. Illustration of the model Flow Netvori at MIach 2.84, O9
Model Rotation and '.o Plate Vit ration U'sing a Schl.eren
System
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EXTERNAL GRID LINES

ETN FIN HEIGHT

(INCHES)

.•995 .I1

PHOTOI.. .•842 -- ,847 :•,

EXTERNAL
ORID

LINES PHOTO .-. ,

PHOTO 4,5 ©,.• -o

Z (INCHES) I1.2 .779 .385 0

1.188 .783 .387Z 0

ND FIN HEIGHT

Figure 29. Schematic of the Fin at 0O Rotation Showing the Locations
of the External Grid Lines and of the Interferopram
11hotograp.iic Points

68



to

U...

go

- 2 0

IL 0

041

4Z4

0 *4j

illJ ,

r. 0

'-4

00

I I 4-

~ L69



Ar 
N

I A-

$40

r.J

0V
*I'~~4 

*I 
jv)

to W

jj 
C I4

0c Fr

41;)

70



00i

W <4
CoA

W to

009

4-4 4

-4j

r.0

1-4ij : ':4~I.. es. 4

.1' I 71



Co~

"2 'O N

. , I I ,I ' 0 -I• •

+ !CiLLZv

0 
0

*~00
IA -

i~ , I + . lI. ,5.dO " •
601

ITO N 4

'41

0

41 0

4j "AllA

rhj

/II (UCJ+ I i -. -

rt44$ ,C>

I:A
I, - cc

V .-en

72N



cc 0

to

00C
p0

0 44
$14

'-4

'4 04 A

4go G

S:0 4.1

41

73



al..
C

4.4.

: *.0 
0C

.',. C.

iti

Ii~ILA

ca' .

~CP\,~$ - ~y 
.Ica

3A.

4A 74



44

CIL c

:rr
40.

00

it t
I E.-," -.1

0Co

Q-4

r4. 90.

.;l pea (P4
.to. &AS4

Val*

4e

.b 49N

*11375



3 0

woo

c r"

VV

4) -

0 co
I.n

V..r

76



.4 1
A. z4

4.4 '0

1.40

04.
4.4

co

cc -

771



w 0

0 X

W 00

'tL~~d ¶- Rl

0)

44'-

0 0

C,

-40 a

X MM



IAI

DRAWINGS OF

1I 0 PHOTO IE• E3 PHOTO 2

0.,• •
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o1 1 2 3 444
FRINGE Nu;MBER

Figure 40. Comparison of Fringe Data Obýained from Drawings of
Interferogram Photographs 1 and 2 Aligned at Y' * 0.847
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1.2 DRAWINGS OF
PHOTO 4

. PHOTO 5

4
i

Ii
0.8""

0.6. "i

* JI
0.4,-

q
0.2-
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Figure 42. Comparison of Fringe Data Obtained from Drawings of
Interferogram Photographs 4 and 5 Aligned at Y' - 0.055
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Figure 43. Comparison of Fringe Data Obtained from Photographic
Enlargements of Interferogram Photographs 4 and 5 Aligr.ed
at Y' 0.055
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Figure 44. Comparison of Fringe Data Obtained from the Drawing and
Photographic Enlargement of Interferograrn Ph.otograph I
Aligned at Y' - 0.847

83



1.4-

FROM PHOTO 2

E DRAWING

& ENLARGEMENT

t.O

o.0.

0.46-

0.2. 0o 1
0 I 4

FRINGE NUMBER

Figure 45. Comparison of Fringe Data Obrained from the Dravwinp ard
Phot'ographic Enlargement of Ixnterferopram Photograpl, 2
Ali?ned at Y' 0.647
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Figure 46. Comparison of Frinpe Data Obtained from the Drawing ano •

Photograrhic Enlarpement of Interferopram Photop~raph 3 •._

Aligned at Y' -0.4.51 
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FRINGE NUMBER

Figure 47. Comparison of Frin?e Data Oltained from the Drawing and
Photopraphic Enlar,,-ent of Inecrferoprarn Photograph 4
Alir.ned at Y' 0.055
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Figure 421. Comparison of Frinpe r'ata Obtained fror. the Drawinp and
Photograriic I.nlarpeoent of Interferogram Pbotopraph 5
Alifned at Y' 0.055
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! Figure 50. Comparison of FrInge Data Ob'tained from the Draviinps and
Photoprnphic Enlargements of Interferogram Photographs 4

and 5 Aligned at Y' ,0.55
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Figure 51. Fringc Num•er Across the Fin in the Z - 0.387 Plane for-
Nach 2.94 as Determined from the Dravinps of the Jnterf, rosr; n
Photographs
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Figure 53. Comparison of the Fringe Numbers lcross the Fin in the A
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[FRINGE DATA

I SCENE BEAM TAt. SIDESS~~OF MODEL .

HOLOGRAM
PLATE

Trigure 55. Schematic of the Model Center Section R~otated to Illustrate
the Loss of Fringe Information Due to Model Shadow-s on
the Ihologram

J

2 CASE
CI

:!: 'BEAM REGION AY

ICASE I

HOLOGRAM
PLATE

Figure 56. Schematic Illustrating the Problem of Different Fringe
Informatiotn Being Superimposed on One Beam Caused by the
"yodel Plastic.
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Figure 52. Schematic Illustrating the Scene Beam Refraction In theN

Fin root and Tip treas
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APPENDIX A

[ EDOUCTION OF AN nTERFEROGRAM TO OBTAIN FRINGE SHIFT DATA

The fringe shift reduction process was accomplished using two tech-

niques. The first involved projecting the interferogram negative oato

a sheet of white paper using a photo-enlarger. The light fringes offered

the best contrast and were therefore traced out in Figures 30-34. In

each drawing it was necessary to begin tracing the fringes above the fin

and work towards the fin root since the transition across the fin Cip

determined the correct connection of the fringes across the fin leading

edge shock. In order to determine the fringe change, one fringe line

in the free stream region forward of the fin which appeared the straight-

est and paralleled the majority of other fringe lines was selected. A

straight line, called the fringe reference line, was drawn over its

centerline and extended to cross the y' axis. The remaining reference

lines were then drawn parallel to the first and along the centerlines

of the remaining free stream fringes. In reducing the drawings it was

not realized until later that the free stream fringe patterns before and

after the plate leading edge Prandtl-Meyer expansion differed consider-

ably. This effect w.s taken into account later.

A ruler scaled to 0.01 inches was then placed along the y' axis and

the distances of the fringes and reference lines above and below the

aligned y' plane were then recorded in Table I for Photograph 4. The fin

width and length w:ere then measured and the average values were recorded.

The average fringe interval was determined by measuring the distance be-

tween the first and last fringes used and dividing by the number of inter-

vals. The fringe change was found by subtracting the fringe crossing
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point. The fringe number was calculated by dividing the change by the

average fringe interval. The reference line location was then normalized

with respect to the measured fin height. Since the actual fin height

was very close to one inch, the above number was considered to be the

eumber of inches above or below the aligned plane. Thus the table com-

puting the tunnel wall and grid refraction displacements in Appendix B

could be entered to determine the actual reference line location with

respect to the aligned plane of the drawing (see Figure 29). The loca-

tions were then converted to the y' axis system by ,•.ding the normalized

location of the aligned plane. After realizing that not all the refer-

ence lines were referenced to the free stream density forward of the

plate leading edge, the enlarged photographs (Figures 35-39) were checked

against the drawings. It was found that the Prandtl-Meyer expansion

caused a fringe num ber change of approximately 1.1. Consequently each

reference line in the drawing was compared with the enlarged photograph

and an appropriate percentage of the 1.1 fringe number was used as a

correction (see Table 1). The calculated fringe numbers had the cor-

rection fringe number added to them while the y' locations were corrected

by

(1.1 Fringe no.) x (Fringe Interval)
y corr - y'orig - (Fin Height) (A-l)

The second reduction technique was to use enlarged photographs made

from the interferogram negatives to obtain the fringe change. The fringe

lines were first traced over lightly with a pencil and then verified

against the other photographs to ensure correct tracing. A datum fringe

reference line was chosen as before and drawn. The remaining reference

lines for the upper free streamfringe lines forward of the Prandtl-Neyer

expansion were then drawn parallel to the datum, When it became impossible
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to use fringe lines forward of the expansion, the reference lines were

then drawn along the centerline of the fringes between the expansion

and the fin. The same ruler was used to obtain the fringe crossing

points, the reference crossing points, fin measurements, and the average

fringe interval and they were recorded in Table 2. The reference line

crossing points were then corrected to free stream conditions, using a 1.1

Fringe number correction for those referenced to the pattern between the

expansion and fin leading edge. The fringe number and reference fin

locations were calculated as before. This method was considered more

accurate because the reference lines and fringe lines could easily be

rechecked for accuracy and corrected in the event that a fringe line

was traced incorrectly or a reference line was misaligned. The accuracy

was directly proportional to the hologram resolution which was not true

for t?- drawings since the reference lines are drawn parallel to hand-

dcFawn frinbz lines. •

100
77



APPENDIX B J

CALCULATION OF TUNNEL WALL AND GRID PLASTIC REFRACTION CORRECTION

In the interferogram photographs used to obtain the fringe change,

every point off the alignment axis will be slightly distorted due to the

plastic tunnel wall and grid. This effect is illustrated in Figure 19.

From Snells Law of Refraction, the angles of incidence and refraction are

related by

sinat n sin1 (-)

where n is the index of refraction between plastic and air. Then can be

written

-1 (sino' AK
- sin n ( B-2)

Since the tunnel wall and grid have the same index of refraction, they i

can be considered on. material with thickness t - ab in Figure 19. Then

consider the height bd which can be written

bd - t tana( (B-3)

The beam displacement, Ay, is then

AY bd - bc t tanc -t tanp (B-4)

but tan v( is

tan e a Yobserved (B-5)

Combining Equation (B-2), (B-4), and (B-5) the beam displacement becomes

AY -t observed - tan sin1  sino( )B6
The true location of the observed pofi•t is then

Ytrue myobserved - A Y (B-7)
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A FORTRAN computer program was written to generate a table giving I
the true locations versus the observed locations. In the program the

constants and variables from -he above equations were defined as
Yobse,. -.' - " Y

Ytrue YTRUE

[ AY =DY

-ALJFA

L -L

n N

Since the computer car ... 'alculate Equations (B-2) and (B-6) as written,

they were constructed by parts using such letters as AA, AB, etc. The

program and tables are included in the next few pages.

14

4
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7-4 --

C
C**C **. THIS PROGRAM COMPUTES THE CORRECTION FOR THE **

C ** OFF AXIS TUNNEL WALL PARALLAX. THE FOLLOWING **C **INPUT PARAMETERS ARE REQUIRED: *
C L = DISTANCE FROM HOLOGRAM PLANE TO THE MODEL **
C ** CENTER LINE *
C N = INDEX OF REFRACTION FOR TUNNEL WALL **C T = THICKNESS OF TUNNEL AND GRID PLEXIGLAS
C ** Y = OBSERVED DISTANCE OF THE POINT IN THE **
C ** PHOTOGRAPH FROM THE ALIGNED POINT **
C ** YTRUE = TRUE DISTANCE FROM ALIGNED POINT TO **C ** THE POINT ON THE MODEL PLANE **

C ** YMAX = MAXIMUM DISTANCE iF INTEREST FROM THE **
C ** ALIGNED POINT **

'C ** *********************** ****, C

REAL*4 LN' CC INPUT PARAMETERS

C
L=15.0
N=1. 5
T=2.25
YMAX=2.5
PI=3.141593

C
C UUTPUT FORMAT
C

WRITE(6,•100)LNT
100 FORMAT('1'9T25'THE FOLLOWING TABLE IS TO ACCOUNT FOR'

1' THE PARALLAX'/T25,'ERROR IN VIEWING THE MODEL
2'THROUGH GLASS WALLS AT'/T25,'ANY OTHER POINT THAN
3tAT THE ALIGNMENT POINT. INPUT'/T25,'PARAMETERS ARE:'
4/T356(1) L = ',F6.3,' INCHES'/T35,'(2) N = ',F6,3,
5' INCHES'/T35,'(3) T = 'tF6.3,0 INCHES')

WRITE(6, 110)
110 FORMAT(' ',T24,'OBSERVED;,T40,'TRUE',T54,'ERROR',T70,S: I RAY'1/T241 'DISTANCE' ,T38,t'DISTANCE' ,T69i 'ANGLE'/T24,

S', ~~~2'(INCHE S) ,T38,t'(INCHES) ',T53, '(INCHES)' ,T67,
3'(DEGREES) 'I)

C
C CALCULATIONS
C Y=000

10 DO 15 1=1,2000
AA=Y/L•: ~AB=AT AN (AA )

,' ( ALFA=AB*I80. OIPI
j ~AC=SIN(AB) /N •

BETA=ARSIN( AC)
AD=TAN (BETA)
DY=T*(AA-AD)
YTRUE=Y-DY

WRITE(6,200)YYTRUE,DY,ALFA
- 200 FORMAT(' ',T24 F7.4,T38,F7.4,T53,F8.6,T67,FS.4)

IF(MOD(I,0).EQ.O ) WRITE(6,201)
201 FORMAT(' ')

IF(MOD(I,60).EQ.0)GO TO 11
GO TO 12

11 WRITE(6M202)
202 FORMAT( 1')

WRITE(6,110)
12 Y=.002*FLOAT(I)

IF(Y.GE.YMAX)GO TO 20
15 CONTINUE
20 STOP

END
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THE FOLLOWING TABLE IS TO ACCOUNT FOR THE PARALLAX
EPROR IN VIEWING THE MODEL THROUGH GLASS WALLS AT
ANY OTHER POINT THAN AT THE ALIGNMENT .POINT. INPUT
PARAMETERS ARE:

(1) L = 15.000 INCHES
(2) N = 1.500 INCHE.S
(3) T = 2.250 INCHES

OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE
(INCHES) iINCHES) (INCHES) (DEGREES)

0.0 0.0 0.0 0.0
0.0020 000019 00000100 0.0076
0.0040 0.0038 0.000200 0.0153
0,0060 0.0057 0.000300 0,.0229
0.C080 0,0076 0.000400 0,0306
0.0100 0.0095 0.000500 0.0382
0.0120 0.0114 0.000600 0.0458
0.0140 0.0133 0.000700 0.0535
0.0160 0.0152 0.000800 0.0611
0.0180 0.0171 0.000900 0.0688

0.0200 0.0190 0.001000 0.0764
0.0220 090209 0.001100 0.0840
090240 0.0228 0.001200 0.0917
0.0260 0.0247 0.001300 0.0993
0*0280 0.0266 0*001400 0.1070
0.0300 090285 0.001500 0.1146
0.0320 0.0304 0.001600 0.1222
0.0340 0.0323 09001700 0,1299
0.0360 0.0342 0.001800 0*1375
0.0380 0.0361 0.001900 0.1451

0.0400 0.0380 0.002000 0.1528
0.0420 0e0399 09002100 0.1604
0.0440 0.0418 0o002200 0.1681
0.0460 0.0437 0.002300 0.1757
0.0480 0*0456 0.002400 0,1833
0.0500 0.0475 0.002500 0.1910
0,0520 090494 09002600 0.1986
0.0540 0.0513 0.002700 0.2063
0.0560 0.0532 0.002800 0.2139
0.0580 0.0551 0o002900 0.2215

0.0600 0.0570 0.003000 0.2292
0.0620 0.0589 0.003100 0.2368
0.0640 0.0608 0.003200 0.2445
0.0660 0.0627 0.003300 0.2521
0.0680 0.0646 0.003400 0.2597
0.0700 0e0665 0.003500 0.2674
0.C720 0.0684 0.003600 0.2750
0.0740 0.0703 0.003700 0.2827
0*0760 0.0722 0.003800 0.2903
0.0780 0.0741 0.003900 0.2979

0.0800 0.0760 0.004000 0.3056
0.0820 0.0779 0.004100 0.3132
090840 0.0798 0.004200 0.3209
0.0860 0.0817 0.004300 0.3285
0.0880 0.0836 0.004400 0.3361
0,0900 0.0855 0.004500 0.3438
0.0920 0.0874 0.004600 0.3514
0.0940 0.0893 0.004700 0.3590
0.9960 0.0912 0,004800 0.3667
0.0980 0.0931 0.004900 0.3743

0. 1000 0.0950 O.005000 0.3820
O. 1020 0.0969 O.005100 0.3896

0.1040 000988 0.005200 0.3972
0.1060 0.1007 0,0053r0 0.4049
0.1080 0.1026 0.005400 0.4125
0.1100 0.1045 0.005500 0.4202
0.1120 0I.064 0.005600 0.4278
0.1140 0.1083 0.005700 0.4354
0.1160 0.1102 0.005800 0.4431
0.1180 0 .1121 0.005900 0.4507
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OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE
(INCHES) (INCHES) (INCHES) (DEGREES)

0.1200 0.1140 0.006000 0.4584
0.1220 0.1159 0.006100 0.4660
0.1240 O. 1178 0.006200 0.4736
0.1260 0.1197 0.006300 0.4813
O.1280 0.1216 0.006400 0.4889
O.1300 0.1235 0.006500 0.4966
0. 1320 0.1254 0.006600 0.5042
0. 1340 0.1273 0.006700 0.5118
0. 1360 0.1292 0.006800 0.5195
0.1380 0.1311 0.006900 O.5271

0.1400 0.1330 0.007000 0.5347
0.1420 01349 0.007100 05424
0.1440 0.1368 0.007200 0.5500
0.1460 O.1387 0.007300 0.5577
O.1480 0.1406 0.007400 0.5653
0.1500 0.1425 0.007500 0.5729
0.1520 0.1444 0.007600 O.5806
0.1540 0.1463 O.007700 O.5882
0. 1560 0.1482 0.007800 0.5959
01580 O.1501 0.007901 0.6035

0.1600 O.e1520 0.008001 0.6111
0. 1620 0.1539 0.008101 0.6188
O.1640 O. 1558 0.008201 0.6264
0. 1660 0. 1577 0.008301 0.6340
0.1680 0.1596 0.008401 0.6417
0.1700 O.1615 0.008501 0.6493O. 1720 Oe.1634 0.00860' 0.6570
0,1740 0.1653 0.008701 O.66460* 1760 O0 1672 O0 008801 0*6722
Oe.1780 O091691 O* 008901 0.6799

O.91800 01710 0.009001 0.6875
0 1820 Ol. 729 0.009101 0.6952
0.1840 0.1748 0.001)201 0.7028
O.1860 0.1767 0.009301 0.7104
01880 01786 O.009401 O.7181
01900 01805 0.009501 0.7257
0.1920 0.1824 0.009601 0.7333
0 1940 0 1843 0.009701 0.7410
0.1960 0.1862 0.009801 0.7486
01980 O.1881 04009901 07563

0. 2000 0. 1900 0.010001 0.7639
0.2020 01919 0.010101 0.7715
0.2040 O0.1938 0010201" 0.7792
02060 01957 0.010301 0.7868
02080 01976 0.010401 0.7944
02100 01995 0.010501 0.8021
02120 02014 0.010601. 08097
0.2140 02033 0*010701 08174
0.2160 0.2052 0.010801 0.8250
0.2180 02071 0010901 0.8326

G.2200 O.2090 0.011001 098403
0.2220 0.2109 0.011101 0.8479
02240 0.2128 0.011201 0.8556
O.2260 0.2147 0.0O11301 0.8632
0.2280 0.2166 0.011401 0.8708
0.2300 0.2185 0.011502 0.8785
0.2320 0.2204 0.011602 0,8861
0.2340 0.2223 0011702 08937
O.2360 0.2242 0.011802 0.9014
0.2380 02261 0.011902 0.9090
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OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE
(INCHES) (INCHES) (INCHES) (DEGREES)
02400 0.,2280 0,01ý,,02 0.9167
0,2420 0.2299 0.012102 O.9243
0.2440 0.2318 0.012202 0.9319
0.2460 0.2337 0.012302 0.9396
0O2480 O.2356 0.012402 0994720.2500 0.2375 0.012502 0.9548
02520 0.2394 0.012602 0.9625
02540 O.2413 0.012702 0.9701
0,2560 02432 0,012802 0.977802580 0O 2-5.51 0.012902 099854

02600 0.2470 0.013002 0.9930
0.2620 02489 0013102 1.0007
02640 O.2508 O.013202 1.0083
02660 092527 0.013302 1.01590. 2680 O.2546 0.013402 1.0236
O.2700 0,2565 0013502 1.0312
0,2720 O.2584 0013602 1903880.2740 0.2603 O.013703 1.0465
02760 0.2622 O.013803 1.0541
02780 0.2641 0.013903 1,C618
092800 02660 0014003 1,0694
02820 02679 0014103 1,0770
0.2840 0.2698 0,014203 1.0847
O 2860 O.2717 O.014303 1.09230.2880 02736 0*014403 1.0999
0.2900 0.2755 0.014503 1.1076092920 092774 0,014603 1,1152
O.t?40 0 2793 0.014703 19 1229
0,2960 0.2812 0.014803 1.1305
O.2980 02831 0.014903 1.1381
O.3000 02850 0.015003 1,1458
03020 O.2869 0,015103 1,1534
0.3040 02888 0.015203 1.1610
O.3060 0.2907 0.015304 1.1687
0.3080 0.2926 0.015404 191763
093100 0.2945 0*015504 1.183903120 0,2964 0.015604 1.1916
03140 02983 0.015704 1.•1992
03160 O,3002 0015804 1,2069
O.3180 03021 0.015904 1,2145
03200 03040 0.016004 1.2221
03220 03059 O.016104 1.22980.3240 0.3078 0.016204 192374
0O3260 03097 0.016304 1,2450
03280 0.3116 0,016404 1,2527
03300 0.3135 0.016504 1.2603
03320 0.3154 0.016605. 1.2679
O.3340 0.3173 0.016705 1.2756
0.3360 0.3192 0o016805 1.2832
0.3380 03211 O.016905 1.2908

O.3400 O.3230 0.017005 1.2985
0.3420 0.3249 O.017105 1.3061
0.3440 0.3268 0.017205 1.3138
0.3460 0.3287 0017305 1.32140.3480 0.3306 0o017405 1o3290O.3500 0.3325 0.017505 1,3367
O.3520 03344 0017605 1.3443
03540 0.3363 0017705 1.3519
03560 0.3382 0017806 1,3596
O03580 0,3401 0.017906 1.3672
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OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE
(INCHES) (INCHES) (INCHES) (DEGREES)

0.3600 03420 0.018006 1.3748
0.3620 0.3439 0.018106 1.3825
0.3640 0,3458 0O018206 1.3901
03660 03477 O.018306 1.3977
O.3680 0.3496 0*018406 1.4054

0,3700 0*3515 0*018506 1.4130
0*3720 O.3534 0018606 1.4206
0.3740 0.3553 O.018706 1.4283
0.3760 O.3572 0.018807 1.4359
O.3780 O.3591 O.018907 1*4435

0.3800 0.3610 0.019007 1.4512
0.3820 0.3629 0M019107 1,4588
O.3840 0,3648 0,019207 1.4665
O.3860 0.3667 0.019307 1.4741
03880 0.3686 0019407 1.4817
0,3900 0.3705 0.019507 1.4894
03920 O.3724 0.019607 1.4970
0.3940 0.3743 0.019708 1.5046
0.3960 093762 0019808 1.5123
03980 0.3781 0019908 1.5199

0.4000 O.3800 0.020008 1.5275
0.4020 0,3819 0.020108 1.5352
O.4040 O.3838 0.020208 1,5428
04060 0.3857 0o020308 1.5504
0.4080 O.3876 0020408 1.5581
0.4100 03895 O.020509 1.5657
O.4120 0*3914 O.020609 1.5733
O.4140 O.3933 0.020709 1.5810
0.4160 O.3952 0020809 1.5886
0*4180 03971 0020909 1o5962

0.4200 03990 0.021009 1,6039
0.4220 0.4009 0.021109 1.6115
0O4240 O.4028 0,021209 1.6191
0.4260 0.4047 0.021310 1*6268
0.4280 U.,4066 0.021410 1.6344
0.4300 O.4085 0021510 1.6420
0.4320 0.4104 0.021610 1.6497
0.4340 0. 4123 0.021710 1.6573
0 4360 0.4142 0.021810 1.6649
04380 O.4161 0.021910 1.6726

0o4400 04180 0.022011 1.6802
0.4420 0.4199 0.022111 1.6878
0.4440 0.4218 0,022211 1.6955
04460 0.4237 0.022311 1.7031
04480 0.4256 0.022411 1.7107
0.4500 0.4275 0.022511 1,7184
0.4520 O.4294 0.022611" 1.7260
04540 04313 0022712 1.7336
0.4560 0.4332 o0022812 1.7413
0.4580 0.4351 o0022912 1.7489

O.4600 O.4370 0.023012 1.7565
0.4620 a.4389 0023112 1. 7642
04640 O.4408 0.023212 1.7718 4
0.4660 0.4427 0.023312 1.7794
0.4680 O.4446 0.023413 1.7870
04700 0.4465 0.023513 1,7947
04720 04484 0.023613 18023
0.4740 O.4503 0.023713 1.8099
0.4760 0*4522 0.023813 1.8176
O.4780 04541 0023913 1.8252
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7RAY

OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE
(INCHES) (INCHES) (INCHES) (DEGREES)

0 4800 0,4560 0024014 1,8328
04820 04579 0024114 1.8405
0.4840 0.4598 0.024214 1.8481
0 4860 04617 0.024314 1,8557
0.4880 0 4636 0024414 1.8634
0, 04900 0.4655 0,024515 1.8710
0.4920 0,4674 0.024615 1,8786
04940 0.4693 0.024715 1,8863
0.4960 0,4712 0024815 1.8939
0.4980 0,4731 0.024915 1.9015

0 5000 0 4750 0*025015 1.9092
0,5020 0.4769 o0025116 1*9168
0,5040 0,4788 0.025216 1.9244
0 5060 0,4807 0*025316 1.,9320
05080 04826 0025416 1,9397
0.5100 0*4845 0.025516 1,9473

80.5120 0 4864 0*025617 1,9549
0.5140 0.4883 0.025717 1,9626

05160 04902 0.025817 1,9702
05180 0.4921 e0025917 1*9778

17 1.9855
05200 0,4940 0.026017 1*9931
0 5220 0:4959 0026118 2.0007
0.5240 0 4978 0.026218 2.0007
0.5260 04997 0.026318 2,0083
05280 05016 0*026418 2*0160
05300 05035 e0026518 2. 0236
0 5320 O.5054 0.026619 2.0312
05340 05073 0.026719 290389
0.5360 05092 0026819 2*0465
0.5380 05111 O0.26919 2*0541

0 5400 05130 0.027019 2 0618
05420 0.5149 0.027120 2.0694
05440 0.5168 0.027220 2.0770
0.5460 0.5187 0.027320 2.0846
0.5480 0.5206 O.027420 2.0923
0.5500 0.5225 0.027521 290999
0 5520 0.5244 0.027621 2.1075
05540 05263 0.027721 2o1152
0 .5560 0.5282 0.027821 2.1228
0.05580 0.5301 0027921 2,1304

05600 05320 0,028022 2 1380
O.5620 O.5339 0.028122 2.1457
0.5640 0.5358 0.028222 2c1533
0 5660 05377 0028322 2.1609
05680 0.5396 0.028423 2.1686
0,5700 0.,5415 0,028523 2.1762
0.5720 0,5434 0o028623 2 1838
"0.5740 0.5453 04028723 2,1914
0.5760 0. 5472 0028824 2.1991
0.5780 0.5491 0.028924 2.2067

"0 5800 05510 0.029024 2.2143
0-5820 0 5529 0.029124 2.2220
0. 5840 0. 5548 0.029225 2.2296
0.5860 0.5567 0.029325 2.2372
0*5880 095586 0,029425 2.2448
"05900 0.5605 0,029525 2.2525
05920 0.5624 0O02962. 2*2601
"0"5940 05643 0029726 2 2677
"0 5960 05662 0.029826 2.2754
05980 0. 5681 0,029926 2.2830
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OBSERVED TRUE ERROR RAY ,-
DISTANCE DISTANCE ANGLE
(INCHES) (INCHES) (INCHES) (DEGREESM

0.6000 0.5700 0.030027 2.2906
0.6020 0.5719 0.030127 2.2982
O.6040 0.5738 0.030227 2.3059
0.6060 O.5757 0.030327 2,3135
0.6080 0.5776 0.030428 2.3211
0,6100 0.5795 0.030528 2.3287
0.6120 O.5814 0.030628 293364
0.6140 05833 0.030729 2.3440
0.6160 0.5852 0.030829 293516
0.6180 0.5871 0.030929 2.3593

0.6200 0.5890 0.031029 2.3669
0.6220 0.5909 0.031130 2.3745
0.6240 0.5928 0.031230 2*3821
0.6260 0.5947 0.031330 2.3898
0.6280 0.5966 0.031431 2.3974
06300 0.5985 0.031531 2.4050
0.6320 0.6004 0.031631 2.4126
0.634 0. 6023 0.031731 2.4203
0.6360 0*6042 0.031832 2.4279
0.6380 0.6061 0.031932 2.4355

06400 O. 6080 0.032032 2.4431
0.6420 0. 6099 0.032133 2.4508
0.6440 O.6118 0.032233 2.4584
06460 0.6137 0*032333 2.4660
0.6480 06156 0.032434 2,4736
0.6500 0.6175 0.032534 2.4813
O.6520 0.6194 0.032634 2.4889
06540 06213 0.032735 2.4965
0.6560 O.6232 0.032835 2.5041
06580 06251 09032935 2.5118

O.6600 06270 0.033035 2.5194
0.6620 0.6289 0.033136 2.5270
0.6640 0.6308 0.03323t, 2.5346
0.6660 0.6327 0.033336 2.5423
O.6680 0.6346 0.033437 2.5499
0.6700 0.6365 0.033537 2.5575
0.0720 0,6384 0.033637 2.5651
06740 06403 0.033738 2.5728
0.6760 096422 0.033838 2.5804
O.6780 0.6441 0.033938 2o5880

06800 06460 0034039 2.5956
0.6820 0.6479 0.034139 2.6033
0.6840 0. 6498 0.034239 2.6109
0.6860 0.6517 0.034340 2.6185
0*6880 0.6536 0.034440 2.6261 f

0.6900 0.6555 0.034541 2.6337
0O6920 O.6574 O.034641 2.6414
0.6940 0.6593 0.034741 2.6490
0.6960 0.6612 0.034842 2.6566
0.6980 0,6631 0.034942 2.6642

0.7000 0.6650 0.035042 2.6719
0.7020 06669 0.035143 2.6795
007040 0,6688 0.035243 2.6871
07060 0,6707 0.035343 2.6947 4
07080 0.6726 0.035444 2.7024
0.7100 0.6745 0.035544 2.7100
O.7120 0.6764 0035645 2.7176
0.7140 0.6783 0.035745 2.7252
O.7160 0.6802 0.035845 2.7328
0.7180 0.6821 0.035946 2.7405
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OBSERVED TRUE ERRRAYDISTANCE DISTANCE ERO(INCHES) ANGLE ((INCHES) (INCHES) (INCREES) AGEI
0. 7200 0.6840 0.036046 2.74810:7220 0.6859 0.036146 2:75570.7240 0.6878 0.03624? 2.76330.7260 0.6897 0.036347 2.77100.7280 0.6916 0.036448 2.77860O7300 0.6935 0.036548 2.78620.7320 0.6954 0.036648 2.79380.7340 0.6973 0.036749 2.80140.7360 0.6992 0.036849 2*80910.7380 0.7011 0.036950 2.8167
0.7400 0. 7029 0.037050 2.824307420 0.7048 0.0037150 2o83193o7440 0. 7067 0.037251 2.83950.7460 0. 7086 0.037351 2.84720.7480 0. 7105 0.037452 2.8548f1.7500 0.7124 0.037552 2.86240:7520 0.7143 0.037652 2.8700"0.540 07162 0.037753 2.87760.7560 0 7181 0.037853 2.8853O.7580 0.7200 0.037954 2.8929
0. 7600 0. 7219 0*038054 2*90050. 7620 07238 0-038155 2,90810.7640 0. 7257 0.038255 2.91570.7660 0.7276 0.038355 2.92340.7680 0*7295 0038456 2.93100.7700 0.7314 0.038556 2.93860.7720 0:7333 0.038657 2.9462q' 7740 0. 7352 0. 038757 2.95380. 7760 0.07371 0.038858 2.9615O.7780 0.7390 0.038958 2.9691
0.7800 0. 7409 0:039059 2.97670.7820 07428 0. 039159 2.98430.7840 0.7447 0.039259 2.99190.7860 0.7466 0.039360 2.9996O.7880 07485 2.99960. 7900 07504 0o0039460 300720:039561 30407920 07523 0.039661 3.02240 7940 0.7542 0.039762 3,03000. 7960 .7561 0.039862 3.03760.7980 0.7580 0. 039963 3.0453

008060 0.76569.9063050.8080 076759 0.040063 3052980. 8020 0. 7713 0-040164 3060590. 8140 0.07637 0.040264 3.0620:8060 0 7656 03 1138
0o40365 3,0757

0.8080 07675 0.040965 3*08340.8100 0. 7694 0.040566 3.091008120 0.7713 0:040666 3.09860.8140 8.7732 0 040767 3.14430. 8260 0.7751 0.040867 3.11380.8180 0.7770 0.040968 3,1214
0.8200 0.7789 0.041068 3.12910.8220 07808 0041169 3*1367
0.8240 0792 0.041269 3.1443

O.8600. 7846 0,041369 3. 1519O0 8280 O0 7865 0,041470 3* 1595O0 8300 O0 7884 O-041570 3: 1671Oe8320 O0 7903 O0:041671 3, 1748O0 8340 O0 7922 O0 041772 3918240.8360 0.7941 0,041872 3.1900O.8380 0.7960 0.041973 3.1976
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TRUE ERROR RAY
DISTANCE DISTANCE
(INCHES) (INCHES) (INCHES) (DEGREES)

O.8400 0.7979 0 042073 3.2052
0.8420 0.7998 0042174 3.2128
0.8440 O.8017 0.042274 3.2204
O.8460 0.08036 O0,2375 3.2281O806 0.042475 3.2357
0.8480 0.805500256343
0 .8500 0,8074 0.042576 3. 2433
"0 .8520 0.8093 0*042676 3:2509
O.8540 0.8112 0.042777 3.2585
0.8560 0.8131 0.042877 3A2661
0.8580 0.8150 O.042978 3.2738

0. 8600 0. 8169 0.043078 3.2814
0.8620 0.8188 0.043179 3.2890

.08640 0. 8207 0.043280 3.2966
O 8640 0 8226 0.043380 3.3042

0. 8680 0.8245 0. 043481 3.3118
0,8700 0,,8264 0.043581 3a3194
0. 8720 08283 0.043682 3,3270
0.8740 0.8302 0.043782 3.3347
0 8760 0. 8321 0.043883 3.3423
0.8780 0.8340 0.043983 3.3499

.8800 0. 8359 0.0440 84 3.3575
8:8820 0:8378 0,044185 3:3651
O0 8840 09 8397 0*044285 3*3727

.08860 0. 8416 0.044386 3.3803
C.8880 08435 0. 044486 3,3956
0. 8900 0. 8454 0.044587 3.432
0.8920 0.8473 0 044688 3 4032
O.8940 0.8492 0.044788 3.4108
0.8960 08511 0.044889 3.4184
0.8980 0.8530 0.044989 3.4260

8 9000 0.8549 0.045090 3.4336
09020 0.8568 0.045190 3.4412

0.9040 O.8587 0.045291 3.4489
0,9060 0. 8606 0,045392 3*4565
009080 0. 8625 0.045492 3.4641O. 9100 0. 8644 0.045593 3,4717
0.9120 0.8663 0.045693 3.4793
0.9140 0. 8682 0.045794 3 4869
0.9160 0.8701 0.045895 3.4945
0.9180 0.8720 0045995 3.5021

O 9200 0:8739 0,046096 3.5097
0*9220 0. 8758 0.046197 3.5174
0.9240 0.8777 0.046297 3.5250

0 9260 0. 8796 0 046398 3o5326
0.9280 0. 8815 0.046499 3.5402
0.9300 08834 0*046599 3.5478
0.9320 O.8853 0.046700 3.5554
0.9340 0 8872 0 046800 3.5630
0,9360 0.8891 0046901 3.5706

09380 08910 0.047002 3.5782

u.9400 O.8929 0.047102 3.5858
09420 0. 8948 0,047203 3,5935
0.9440 0.8967 0 047304 3,6011
O.9460 0*8986 0.047404 3.6087
0.9480 0.9005 0.047505 3.6163
0.9500 0.9024 0. 047606 3.6239
0.9520 0.9043 0.047706 3.6315
0,9540 O.9062 0,047807 3,6391
0,9560 09081 0,047908 3 6467
0 9580 0.9100 0048009 3.6543
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OBSERVED TRUE ERROR RAYDISTANCE DISTANCE(INCHES)TANGL
(INCHES (INCHES) (INCHES) (DEGREES)

0.9600 0.9119 0.048109 3.66190.9620 0.9138 0.048210 3.66950.9640 O.9157 O.048310 3.67710.9660 O.9176 0.048411 3.6848O.9680 0.9195 0.048512 3.69240. 700 O.9214 0.048613 3.70000.9720 O.9233 0:048713 3.70760.9740 0.9252 0.048814 3.71520.9760 O.9271 o0048915 3.7228O.9780 0.9290 0.049015 3.7304
009800 .9309 0. 049116 3. 3800.9820 8*9328 0.049217 3.74560*9840 O.9347 O.049318 3.7532O.9860 O.9366 0.049418 3.7608009880 O.9385 0.049519 3.7684r0.9900 009404 0.049620 3.7760009920 O.9423 0.049720 3.7836

O 9960 09461 O0 049821 3.7913
O. 960 . 941 O 049922 3*7989O0 9980 O0 9480 O0 050023 3e 8065

1. 0000 Pj*9499 0 050123 3o8141
1o0020 Oo 9518 0.050224 3.82171*0040 O.9537 0,050325 3.82939.0060 0.9556 0 050426 3o83691.0080 0. 9575 0:050526 3.84451.0100 0.9594 0.050627 3.85211.0120 O.9613 O.050728 3.85971.0140 O.9632 0.050829 3.86731.0160 0.9651 0.050929 3.87491,0180 o.9670 0.051030 3.8825
1.0200 0.9689 0.051131 3.89011.0220 009708 0.051232 3.89771.0240 O 9727 0-051332 3.90531.0260 0.9746 0.051433 3.9129lo0280 0.9765 0.051534 3.92051.0300 O.9784 0.051635 3.92811.0320 O.9803 0.051735 3.93571.0340 0.9822 0. 051836 3.94331.0360 O.9841 0.051937 3.95091.0380 O. 9860 0.052038 3.9586
1.0400 O.9879 O.052139 3.96621.0420 O.9898 0.052240 3.97381.0440 0.9917 O.052340 3.98141. 0460 0.9936 0.052441 3.98901.0480 O.9955 0.052542 3.99661.0500 O.9974 0.052643 4 00421.0520 0.9993 0.052743 4.01181.0540 10012 0.052844 4.01941.0560 1.0031 0.052945 4.02701e0580 1.0050 0.053046 4.0346
1.0600 1.0069 O.053147 4.04221.0620 1.0088 0*053248 4.04981.0640 1.0107 0.053348 4.05741h0660 1.0125 O.O53449 4.06501 0680 1.0144 0.053550 4.0726. 0700 1.0163 0.053651 4.0802.0720 1.0182 0.053752 4.0878o1.0740 1.0201 0.053853 4.0954I.0760 1.0220 0.053953 4.10301.0780 1.0239 0.054054 4.11063

i
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OBSERVED TRUE
DISTANCE DISTANCE 

RAY(INCES) (INCES)ANGLE(INCHES) (INCHES) (INCHES) (DEGREES)
1.0800 1.0258 0.054155 4.1182
1.0840 1.0296 0.054256 4.1258190860 e315 00.054357 

4.1334
1.0860 1.0315 0.054458 4.14101.0880 1.0334 0.054559 4.14861.0900 1.0353 0.054660 4.15621.0920 1.0372 0.054760 4. 16381.0960 1.0041 054861 4.17141.0940 1.0410 0.054962 4.17901.0980 1.0429 0.055063 4.1866

1. 1000 h10448 0.055164 4.19421.1020 1.0467 0.0552654 21:100 1*4864o20181. 1040 1.0486 0.055366 4.20941. 1060 1.0505 0.055467 4.21701.1080 1. 0524 0.055568 4.22461. 1100 1.0543 0.055668 4.23221.1120 1.0562 0.055769 4.23281:1168 1.0581 0:055870 4.2474
10600055971 425501.1180 1.0619 0.056072 4.2626

1. 1200 1.0638 0.056173 4.2702
1. 1220 1.0657 0.056274 4.27781.1240 1.0676 0.056375 4.28541. 1260 1. 0695 0.056476 4.29291.1280 1.0714 0.056577 4.30051.1300 1. 0733 0.056678 4.30811.1320 1.0752 0. 056779 4e31h:1340 1.0771 4o31571130 1.0771 0.056880 4*32331.1360 180790 0.056981 4.33091.1380 1.0809 0.057082 4.3385
1. 1400 1.0828 0.057183 4.34611.1420 1.0847 0.057284 4.35371. 1440 1.0866 0*057385 4.36131.1460 1.0885 0.057486 4.36891. 1480 1. 0904 O.057586 4.37651.1500 1.0923 0.057687 "•.38411. 1520 1.0942 0.057788 4.39171 1540 1.0961 0.057889 4.3*931.1560 1.0980 0.057990 4.406911580 1. 0999 0.058091 4.4145

1.1600 1.1018 0.058192 4*42211. 1620 1.1037 0.058293 4o42971.164 1.61056 0.058394 4.43731.1660 1.1075 0.058495 4.444811680 1.1094 .058596 4.4524
1700 1.1113 0.058697 4.4600

1-1720 1.1132 0.058798 4.4676
1. 1740 1.1151 0.058899 4.47521.1760 1.1170 0.059000 4.48281.1780 1.189 0. 059101 4. 4904
1. 1800 1. 1208 0.059202 4.49801.1820 1.1227 0.059303 4.50561s1840 1.1246 0-059404 4.51321.1860 1.1265 0.059506 4.52081880 1.1284 0-059607 4.52841900 1.1303 0.059708 4.53601.1920 1.1322 0-059809 4.54361.1940 1. 1341 0.059910 4.55111.1960 1. 1360 0.060011 4.55871.1980 1.1379 0.060112 4.5663
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OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE I A
iINCHES) (INCHES) (INCHES) (DEGREES)

1e2000 1 1398 0.060213 4.5739
1.2020 1h1417 0.060314 4.5815
1. 2040 1e1436 0.060415 4.5891
1.2060 1.1455 0060516 4.5967
1.2080 1 1474 0.060617 4.6043
1.2100 1.1493 8060718 4.6119
1.92120 1.1512 0.060819 4.6195
1,2140 1.1531 0.060920 4.6270

e1.2160 1. 1550 0.061021 4.6346
1.2180 1.1569 0.061123 4.6422

1o2200 1.1588 0.061224 4.6498
1*2220 1.16n7 0.061325 4o6574
1* 2240 1.1626 0.061426 4.6650
1.2260 1*1645 0.461527 4o6726
1.2280 1.1664 0.361628 4.6802
1 2300 1 1683 0,C61729 4o6878
1.2320 1.1702 0.061830 4.6954
1.2340 1 1721 0.061931 4.7029
1.2360 1:1740 0.062032 4o7105
1.2380 1. 1759 09062134 4.7181

1. 2400 1.1778 0*062235 4.7257
1:2420 1o 1797 0o062336 4.7333
1.2440 1 1816 0.062437 4.7409
1.2460 1.1835 0062538 4o7485
1.2480 1.1854 0*062639 4e7560
192500 1s1873 0.062740 4.7636
1.2520 1.1892 0.062842 4.7712
1.2540 101911 0*062943 4*7788
1.2560 1.1930 0.063044 4.7864
1.2580 1.1949 0.063145 4o7940

1.2600 1. 1968 0.063246 4.8016
1.2620 1:1987 0.063348 4*8092
1.2640 1*20C6 O.063448 4.8167
1.2660 1e2024 0063550 4.824?
1.2680 1*2043 0.063651 4.8319
1.2700 1.2062 0.063752 4.8395
1.2720 1.2081 0,063854 4.8471
1.2740 1o2100 0063955 4.8547
1.276L 1.o2119 0064056 4.8622
1.2780 192138 0064157 4.8698

1.2800 1.2157 0.064258 4.8774
1.2820 1.2176 0*064360 4.8850
1.2840 192195 O.064461 4o8926
1.2860 1.2214 0.064562 4.9002
1o2880 1.2233 0€c64663 4.9078
1.2900 1.2252 0.064764 4.9153
1 2920 1.2271 0.064865 4.9229
1.2940 1.2290 0.064967 4o9305
1.2960 1.2309 0.065068 4o9381
1. 2980 1.2328 0.065169 4o9457

1°3000 1.2347 0.065270 4.9533
1.3020 1.2366 0.065372 4.9608
1.3040 1o2385 0*065473 4o9684
193060 1o2404 0065574 4o9760
1o3080 1.2423 0065675 4o9836
1.3100 1.2442 0.065777 4e9912
1.,3120 1.2461 0*065878 4.9987
1o3140 1*2480 0.065979 5.0063
1.3160 1.2499 O.066081 5.0139
1.3180 1.2518 O.066182 5.0215
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OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE
(INCHES) (INCHES) (INCHES) (DEGREES)

"1.3200 1.2537 0.066283 5.0291
1.3220 1.2556 0.066384 5.0366
1.3240 1.2575 0.066486 5.0442
1.3260 1.2594 0.066587 5.0518
1.3280 1.2613 0.066688 5.0594
193300 1.2632 O.066789 5.0670
1.3320 1.2651 0.066891 5.0745
1.3340 1.2670 o0066992 5*0821
1.3360 1.2689 0.067093 5.0897
1.3380 1*2708 0.067195 5o0973

1.3400 1.2727 0.067296 5e1049
1.3420 1.2746 0.067398 5.1124
1.3440 1.2765 O.067499 5.1200
1.3460 1.2784 0.067600 5.1276
1.3480 1.2803 0.067701 5.1352
1.3500 1.2822 0.067803 5.1028
1.3520 1.2841 0*067904 5*1503
1.3540 1h2860 0.068005 5.1579
1.3560 1.2879 0.068107 5.1655
1.3580 1.2898 0.068208 5.1731

1.3600 1.2917 0.068309 5.1806
1.3620 1.2936 0.068411 5.1882
1,3640 1.2955 0.068512 5.1958

S3660 1- 2974 0.068614 5.2034
1.3680 1.2993 0.068715 5.2110
1.3700 1.3012 0.068816 5.2185
1. 3720 1.3031 0.068918 5.2261
1.3740 1.3050 0.069019 5*2337
1.3760 1.3069 0.069121 5,2413
1.3780 1.3088 04069222 5.2488

1.3800 1.3107 0.069323 5.2564
1.3820 1.3126 0.069425 5.2640
1.3840 1.3145 0.069526 5. 2716
1*3860 1.3164 0.069628 5.2791
1.3880 1.3183 0.069729 5.2867
1.3900 1.3202 0.069830 5.2943
1h3920 1.3221 0.069932 5.3019
1.3940 1.3240 0.070033 5.3094
1.3960 1.3259 0.C70135 5.3170
1.3980 1.3278 0.070236 5.3246

1.4000 1.3297 0.070338 5.3322
14020 1.3316 0070439 5.3397
1.4040 1.3335 0.070540 5.3473
1.4060 1•3354 0.070642 5.3549
1.4080 1.3373 0.070743 5.3624
1.4100 1.3392 0.070845 5.3700
1.4120 1.3411 0.070946 5.3776
1.4140 1*3430 0.071048 5.3852
1.4160 1.3448 0.071149 5.3927
1.4180 1.3467 0.071251 5.4003

1.4200 1.3486 0.071352 5.4079
1.4220 1.3505 0.071454 5.4154
1.4240 1.3524 0.071555 5.4230
1.4260) 1.3543 0.071657 5.4306
1.4280 1.3562 0.071758 5o4382
I.4300 1.3581 0.071860 5.4457

.4320 1*3600 0.071961 5e4533
1*4340 1.3619 0.072063 5,4609
1.4360 1.3638 0.072164 5,4684
1.4380 1.3657 0.072266 5.4760
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OBSERVED TRUE ERROR RAYDISTANCE DISTANCE AYINCHES) (INCHES) (INCHES) (DEGREES)
1.4400 1.3676 0.072367 5.48361.4420 193695 0.072469 5.49121.4440 1o3714 0.072571 5.49871.4460 1.3733 0 072672 5e50631.4480 1.3752 0.072774 5.51391.4500 1.3771 0.072875 5.52141.4520 1.3790 0,072977 5.5290194540 1.3809 0.073078 5.53661.4560 1*3828 0.073180 5,54411.4580 1*3847 0073281 5.5517
1.4600 1*3866 0.073383 5,55931*4620 1.3885 0.073484 5,56681.4640 1.3904 0.073586 5.57441*4660 1.3923 0.073687 5e58201.4680 1.3942 0.073789 5.58951.4700 1.3961 0.073891 5:59711 4720 1.3980 0073992 60471.4740 1.3999 0.074094 5.61221.4760 1.4018 0:074196 5.61981,4780 14037 0.074297 5*6274
1.4800 14056 0.074399 5.63491.4820 1.4075 .074500 5.64251.4840 1,4394 O:074602 5*65011.4860 1.4113 0.074704 5.65761.4880 1.4132 0.074805 5.66521,4900 1.4151 0.074907 5.67281,4920 1.4170 0.075009 5o68031,4940 1.4189 0075110 5.68791,4960 1,4208 0.075212 5.69551*4980 1.4227 0075314 5.7030
195000 1.4246 0.075415 5,71061.5020 1,4265 0.075517 5.71821.5040 1.4284 0:075618 5.7257lo5060 1.4303 0.075720 5.7333o 1.5080 1.4322 0 075822 5o74081.5100 1.4341 0075923 5e7484195120 1*4360 0,075025 5o75601. 5140 1,4379 0:076127 5o7635195160 1.4398 0.076229 5o77111.5130 1.4417 00076330 5.7787
1,5200 1,4436 0*076432 5.7862195220 1.4455 0,076534 5 79381,5240 1,4474 0*076635 5.80131,5260 1.4493 0*076737 5.80891.5280 1.4512 0.076839 5.81651,5300 1.4531 o0076940 5e8240105320 1.4550 O0077042 5.83161.5340 1.4569 0,077144 5.8391195360 194588 0,077246 5o8467 .15380 1.4607 0.077347 5g8543
1.5400 1.4625 0.077449 5.86181.5420 1.4644 0.077551 5,86941.5440 1.4663 0.077653 5.87691. 5460 104682 0.077754 5*88451,5480 1,4701 0*077856 5,892115500 1.4720 0.077958 5.8996 31,5520 1.4739 O0078060 5o9072 -3195540 1.4758 0 078161 5.91471.5560 1,4777 0,078263 5,92231.5580 1.4796 0*076365 5.9299
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OBSERVED TRUE ERROR RAYDISTANCE DISTANCE ERORRA(INCHES) (INCHES) (INCHES) (DEGREES)
1L5600 1.4815 0.078467 5.93741.5620 1.4834 0.078568 5.9450
1,5640 1.4853 O.078670 5.95251,45660 1"872 - 0.078772 5.96011.5680 194891 0.078874 5.9676

1 5700 1.4910 0.078976 5997521, 5720 1.l929 0.079078 5.98271,5740 1,4948 0.079179 5.99031.95760 1.4967 0.079281 5.99791.*5780 1.4986 0.079383 6*0054
1,5800 1.5005 0.079485 6.01301.5820 1.5024 0.079587 6*02051*5840 1.5043 0.0]9689 6,02811.5860 1.5062 0.079790 6.03561.5880 1.5081 0.079892 6.0432

1.5900 1,5100 0.079994 6.0508195920 1.5119 0-080096 6*05831w5940 1.5138 0*080198 6.06591o5960 1,5157 0.080300 6.07341.5980 1.5176 0-080402 6.0810
1.6000 1.5195 0.080503 6.08851.6020 1.5214 0.080605 6.09611.6040 1. 5233 0.080707 6910361,6060 1.5252 0.080809 6.11121,6080 1.5271 0.080911 6.11871.6100 1.5290 0.081013 6.12631.6120 1.5309 0.081115 6.13381.6140 1.5328 0.081217 6.14141.6160 1.5347 0.081319 6.14891.6180 1*5366 0.081421 6*1565"" 1.6200 1.5385 0*081523 6.1640
1,6220 1.5404 0081624 6,17161,6240 1.5423 0*081726 6917911.6260 1.5442 0-081828 6,18671.6280 1,5461 0*081930 6.19421 6300 1,5480 0.082032 6e20181.6320 1*5499 0-082134 6.20931.6340 1.5518 0.082236 6.21691,6360 1.5537 0.082338 6.22441,6380 1,5556 0.082440 6.2320
1.6400 1.15575 0,082542 6.23951,6420 1.5594' 0.082644 6.24711.6440 1.5613 0.082746 6.254b1,6460 1.5632 0.082848 6.26221,6480 1.5650 0*082950 6.26971,6500 1,5669 0.083052 6.27731.6520 1. 5688 0.083154 6.28481.6540 1, 5707 0.083256 6.29241.6560 1.5726 0.083358 6o29991.6580 1. 5745 0.083460 6.3075
1.6600 1.5764 0.083562 6.31501.6620 1. 5783 0.083664 6.32261.6640 1.5802 0.083766 6,33011.6660 1,5821 ,0083868 6.33771.6680 1.5840 0.083970 6.34521 6700 1.5859 0.084072 6.3528
1.6720 1.5878 0.084174 6.360310 6740 15897 0,084276 6.36791.6760 1.5916 0*084378 6.37541.6780 1.5935 0*084480 6.3829
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RAY
OBSERVED TRUE ERRORANGLE
DISTANCE DISTANCE (INCHES) (DEGREES)
(INCHES) (INCHES) NEGE

6800 1.5954 0.034583 6.3905
1.6820 1.5973 0.084685 6.3980
1,6820 1.5992 00084787 6.4131
•, 6860 1.6011 0 084889
].6880 1.6030 0.084991 6.420-
'..6900 16049 0,085093 6.4282 4
%.6920 1,6068 0 085195 6.4358
.6940 1. 60 87 0.085297 6.4433

1,.6960 1. 6106 0085399 6.4508
1.6980 1.6125 0.085501 6.4584

1.000 1.06144 O.085603 6o4659
1.7020 106163 0.085706 6,4735
1.7040 1.6182 0.085808 6,4810
1.7060 1.6201 0.085910 6.4886
1.7080 1.6220 oo086012 6o4961
1.7100 1,6239 0:086114 6.5036

1.7120 1 6258 0 086216 6.5112
1.7140 1.6277 0.0863.18 6.5.87
1.7160 1.'296 00086421 6.5263
1.7180 1.6315 0 086523 6. 5338

1.7200 1,6334 0.086625 6,541.
lj7220 1,6353 0,086727 6o5489
1.7240 1.6372 O.086829 6.5564
1.7260 1.6391 o.086932 6.5640
1.7280 1.6410 0.087034 6,57901 8 6.5790
1.7300 1.6429 0.087136 5866
1.7320 1.6448 0.087238 6.5941
1.7340 1.6467 0.087340
1 7360 1. 6486 0 087443 6 0 6017

1.7380 1.6505 0 087545

.,7400 1-6524 0.087647 6.6167
1,7420 1.6543 0.087749 6.6243
1. 7440 1:6561 00087851 6.63180o740 87954 ,69

1,7460 1.6580 606469
1.7480 .Q6599 0.0880561.7500 1°6618 0.088158 6.6544
1.7520 0.088260 6. 6620

1:50.l6637 6. 66951.7540 1.6656 0.088363 6.6770
66566. 68461.7560 6675 0.088465

1.7580 1.6694 0 088567 6.6921

1. 7600 16713 0.088669 6.6929
1,7620 1.6732 °0.88772
1.7640 0.6751 0.088874 6.7072
1,7660 1.6770 0.088976 6k7222
1,7680 1,6789 0.089079 6 7222
1.7700 1.6808 0.089181 6.7298
1,7720 -1.6827 0.089283 6.7373
1.7740 1.6846 0 089385 6.7448
1.7760 1.6865 0.089488 6:752 -
1.7780 1.6884 0.089590in 1 6 o7 6 7 4

-17800 1.6903 0.089692 6.774
1.7820 0.6922 0.089795 6.7750
1.7840 1. 6941 o.089897 6.7825
1.7860 1.6960 0.089999 6,7900
1.7880 1.6979 0.090102 6.7976
1.7900 1.6998 0o090204 6 8051

1.900:09030699 6.8126
.7920 1. 7017 0.090406 6.8272

1.7940 1.7036 409 6. 8202
1.7960 1 7055 0:090511 6,821. 7980 1,7074 0 090613 6.8352
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TRUE RRORRAY

OBSERVED TRUE ERROR ANGLE
DISTANCE DISTANCE
"(INCHES) (INCHES) (INCHES) (DEGREES)

-118000 17093 0090716 6,.8428
1.8020 1o7112 0,090818 6.8503 A
198040 1.7131 0,090921 6.8578

o18060 1.7150 0,091023 6.8654

-.4i• 1. 8080 1.7169 010911Z5 6.8729
l .,8100 1.7188 0,091228 6,8804
1.8120 1 7207 0.091330 6.8879

1.8140 1,7226 0,091433 6.8955
1.8160 1 7245 0.091535 6.9030

* 1,8180 ,7264 0,091637 6,9105

1.8200 1.7233 0,091740 6.9181
1,8220 1.7302 0,091842 6,9256

1o8240 1 7321 0,091945 6.9331
1,18260 ,7340 0.092047 6*9406

1,8280 1,7358 0,092150 6.9482
"1:8300 1:7377 0,092252 6,9557
1.8320 1 7396 0,092355 6,9632
1,8340 1.7415 0,092457 6.9708 3

1 8360 1.7434 0.092559 6 9783

1.8380 1:7453 0.092662 6:9858 )

1,8400 1.7472 0.092764 609933
1,8420 1.7491 0,092867 7.0009
1*8440 1,7510 0.092969 7,0084
1, 8460 1,7529 0. 093072 7,01-)9

1.8480 1,7548 0.093174 7,023,4

1 8500 1,7567 0.093277 7.0385
1.8520 1.7586 0o093379 7,0385

1 8540 1,7605 0,093482 7,0460
1.8560 1.,7624 0 093584 7.0535
1. 8580 1,7643 0.093687 7.0611

1 8600 1.7662 0,093790 7,0686
1o8620 1,7681 0.093892 7.0761

1 8640 1,7700 0,093995 7.0836
1.8660 1,7719 0.094097 7.0912

1.8680 1,7738 0,094200 7.0987
1 8700 1,7757 0,09430i 7.1362
1.8720 1.7776 0 094405 7.1137
1.8740 1.7795 0.094507 7.1213

1 8760 107814 0,09461C 7.1288
1:8780 l,'833 0o094713 7.1363

1,880n. 1,7852 0.094815 7,1438
1 8820 197871 0.094918 7.1513
1.8840 1.7890 0,095020 7.1589
1o8860 1. 7909 0.095123 7.1664
1.8880 1.7928 0.095226 7.1739 .4

118900 1,7947 0.095328 7.1814
/.8920 1,7966 0.095431 7.19 4
1,8940 1,7985 0o095533 7.2040 4
1-8960 1.8004 0.095636 7.2040
1*8980 1.8023 0.095739 7.2115

119000 1,8042 0,095841 7.21901.9020 1,8061 0.095944 7,2265

1.9040 1.8080 0096047 7.2340

1,9060 108098 0096149 7.2416

1.9080 1, 8117 0.096252 7,2491
1"9100 1.8136 0,096355 7o2566

1.9120 lo8155 0.096457 7,2641
" 1.9140 1,8174 0.096560 7.2716

1 9160 1.8193 0 096663 7.2792
1:9180 1,8212 0,096765 7,2867
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OBSERVED TRUE ERROR RAY
DISTANCE DISTANrE ANGLE
(INCHES) (INCHES) (INCHES) (DEGREES)

1.9200 1.8231 0.096868 7.2942
1.9220 1.8250 0.096971 7.3017
1.9240 1.8269 0.097073 7.3092
1.9260 1.8288 0.097176 7.3167
1.9280 1.8307 0.097279 7o3242
1.9300 1.8326 0097382 7o3318
1,9320 1.8345 0.097484 7.3393
1.9340 1.8364 0.097587 7.3468
1.9360 1.8383 0097690 7.3543
1.9380 1.8402 0.097793 7.3618

1.9400 1.8421 0.097895 7.3693
1.9420 1.8440 0.097998 7.3769
1.9440 1. 8459 0.098101 7.3844
1.9460 1. 8478 o0098204 7.3919
1.9480 1.8497 0.098306 7.3994
1.9500 1.8516 0.098409 7.4069
1.9520 1.8535 0.098512 7.4144
1.9540 1.8554 e0098615 7o4219
1.9560 1.8573 0.098718 7.4294
1.9580 1,8592 0.098820 7.4370

1.9600 1.8611 0.098923 7.4445
199620 1.8630 0.099026 7.4520
1.9640 1.8649 0.099129 7.4595
1.9660 1.8668 0.099232 7.4670
1.9680 1.8687 0.099335 7.4745
1.9700 1.8706 0.099437 7.4820
1.9720 1.8725 0.09"1540 7.4895
1.9740 1. 8744 0.09ý'643 7.4970
1.9760 1. 8763 0.099746 7.5045
1.9780 1.8782 0099849 7e5121

1.9800 1. 8800 0.099952 7,5196
1.9820 1,8819 0.100054 7.5271
1.9840 1.8838 0.100157 7.5346
1.9860 1.8857 0.100260 7.5421
1.9880 1.8876 0.100363 7.5496
1.9900 1. 8895 0*100466 7.5571
1.9920 198914 09100569 7.5646
1.9940 1.8933 09100672 7.5721
1.9960 1.8952 0.100775 7.5796
199980 198971 0.100878 7.5871

2.0000 1.8990 0100981 7.5946
290020 1.9009 0o101084 7.6021
2.0040 1.9028 0.101186 7.6096
2.0060 1.9047 0.101289 7.6172
2.0080 1.9066 0.101392 796247
2.0100 1.9085 0.101495 7.6322
2.0120 1*9104 0.101598 7.6397
2.0140 1.9123 0O101701 7o6472
2.0160 1.9142 09101804 7.6547
2.0180 1.9161 0.101907 7.6622

2.0200 1.9180 0.102010 7,6697
2.0220 1.9199 0.102113 7.6772
2e0240 1.9218 0.102216 7.6847
2.0260 1.9237 O.102319 7.6922
2.0280 1.9256 0.102422 796997
2*0300 1.9275 0.102525 7.7072
2.0320 1. *294 0.102628 7.7147
2.0340 1.9313 0.102731 7.7222 A
2.0360 1.9332 0.102834 7.7297 z
2.0380 1.9351 O.102937 7.7372
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OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE
(INCHES) (INCHES) (INCHES) (DEGREES)

2,0400 1.9370 0.103040 7. 7447
2.0420 1. 9389 0,103143 7.7522
2.0440 1.9408 0,103246 7,7597
2,0460 1, 9426 0,103349 7,7672
290480 1.9445 0.103453 7.7747
2.0500 1.9464 0103556 7.7822
2.0520 1,9483 0,103659 7°7897
29C540 1.9502 0103762 7.7972
2*0560 1.9521 0.103865 7.8047
2.0580 1.9540 0,103968 7e8122

2,0600 1*9559 0.104071 7,8197
2.0620 1.9578 0. 104174 7.8272
2.0640 1.9597 0.104277 7.8347
2.0660 1,9616 0. 104380 7.8422
2.0680 1.9635 0. 104483 r.8497
2*0700 1,9654 0. 104587 7.8572
2 0720 1.9673 0. 104690 7.8647
2.0740 1.9692 0. 104793 7.8722
2*0760 1,9711 O.104896 7,8797
2.0780 1.9730 0.104999 7.8872

2.0800 1,9749 0,105102 7o8947
2.0820 1,9768 0.105205 7,9022
2,0840 1.9787 0105309 7,9097
2.0860 1,9806 0.105412 7.9172
2.0880 1. 9825 0. 105515 7.9246
2.0900 1, 9844 0,0105618 7.9321
2.0920 1,9863 0.105721 7.9396
2.0940 1.9882 0 105825 7,9471
2.0960 1.9901 0.105928 7.9546
2.0980 1.9920 0106031 7.9621

2.1000 1,9939 0106134 7.9696
2.1020 19958 0,106238 7*9771
2, 1040 1,9977 0 106341 7,9846
2.1060 1.9996 0.106444 7.9921
2.91080 2.0015 0. 106547 7.9996
2,1100 2.0033 09106650 8,0071
2.1120 2e0052 0.106754 8.0146
2.1140 2s0071 0.106857 8.0220
2.1160 2.0090 0.106960 80295
2.1180 2.0109 0,107064 8.0370

2.1200 2.0128 0. 107167 8.0445
2.1220 2.0147 0107270 8.0520
201240 2,0166 0,107374 8.0595
2.1260 2.0185 O.107477 8.0670
2.1280 2.0204 0,107580 8.,0745
2.1300 2.0223 0.107683 8.0820
2, 1320 260242 0.,107787 8*0894

2, 1340 2,0261 0. 107890 8.0969
2,1360 2.0280 0,107993 891044
2.1380 2.0299 0.108097 8.1119

2. 1400 2 0318 0108200 8,1194
2.1420 2.0337 0*108303 8.1269
2.1440 2.0356 0,108407 8.1344
2.1460 2,0375 0.108510 8.1419
2.1480 2.0394 0.108613 8.1493
2e1500 2,0413 0.108717 8,1568
2.1520 2.0432 0.108820 8,1643
24,1540 2.0451 0.108924 8.1718
2.1560 2,0470 0. 109027 8.1793
2o1580 2.0489 0.1109131 8.1868
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BERVED TRUE ERROR RAY

IBSTANCE DISTANCE ANGLE

(INCHES) (INCHES) (INCHES) (DEGREES)

2 1600 2 0508 0 109234 8. 1943

2. 1620 2.0527 0.109337 8.2017

2,1640 2,0546 O.109441 8.2092

2.1660 2.0565 0 109544 8.2167

2.1680 2,0584 0109647 8.2242

2. 1700 2.0602 O.109751 8.2317

2.1720 2.0621 0. 109854 8.2392

2 1740 2.0640 0. 109958 8,2466

2.1760 2. 0659 0.110061 8=2541

2. 1780 2.0678 09110165 8.2616

2.1800 2. 0697 0. 110268 8 2691

2,1820 2,0716 0110372 8,2766

2 1840 2.07"35 0. 110475 8.2840

2.1860 2.0754 0. 110579 8.2915

2.1880 2*0773 0110682 8.2990

2:1900 2,0792 0.110786 8. 3065

2. 1920 2 0811 0.110889 8,3140

2.1940 2.0830 0.110993 8.3218

2 1960 2 0849 0 111096 8.3289

2. 1980 2.0868 0.111200 8*3364

2 2000 2.0887 0 111303 8.3439

2,2020 2 0906 0111407 8:3514

2:2040 2.0925 0 111510 8c3588

2.2060 2 0944 0:111614 8 3663

2. 2080 2.0963 0,111717 8.373813

2 2100 2*0982 0 111821 8.3813

2:2120 2.1001 0111924 8.3887

2:2140 2.1020 0 .112028 843962

2 2160 2.1039 0.112131 8*4037

2e2180 2.1058 0.112235 8*4112

2.2200 2*1077 0. 112339 8.4187

2*2220 2.1096 0.112442 8.4261

2.2240 2.1115 0.112546 8.4336

2 2260 2.1133 0. 112650 8.44611

2.2280 2 1152 0.112753 8.4586

2.2300 2.1171 0112857 8.4560

2.2320 2.,1190 0 112960 8.4635

2 2340 2 1209 0.113064 8.4710

2.2360 2:1228 0 113168 8.4784

2.2380 2.1247 0.113271 8.4859

2 2400 2 1266 O 113375 804934

2.2420 2.1285 0. 113479 8.5009

2,2440 2.1304 0.113582 8.5083

2o2460 2.1323 0,113686 8. 5158

2. 2480 2 1342 0,113790 8,5233

2:2500 2.1361 0 113893 8.5308

2.2520 2.1380 0.113997 8.5382

2 2540 2.1399 0.114101 8.5457

2:2560 2. 1418 0.114205 8.5532

2,2580 2.1437 0.114308 8.5606

2.2600 2.1456 0.114412 8.5681

2,2620 2.1475 0.114516 8o5756

2 2640 2.1494 0 114620 8 5830

2.2660 2*1513 0.114723 8.5905

2. 2680 2e1532 0.114827 8 5980

2,2700 2.1551 O.114931 8.6055

2 2720 2.1570 0:115034 8.6129

2.2740 2*1589 0.115138 8*6204

2.2760 2 1608 0,.115242 8.6279

2.2780 2:1627 0.115346 8.6353
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OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE
(INCHES) (INCHES) (INCHES) (DEGREES)

2.2800 2.1645 O, 115450 8,6428
2.2820 2.1664 0.115553 8o6503
2.2840 2.1683 0115657 8.6577
2.2860 2.1702 0.115761 8.6652
2.2880 2,1721 0O.115865 8.6727
2.2900 2.1740 O.115969 8.6801
2.2920 2.1759 0.116072 8.6876
2e2940 2.1778 0o.116176 8,6951
2o2960 2.1797 0.116280 8.7025
2.2980 2.1816 0116384 8*7100

2*3000 2*1835 0.116488 8o7174
2*3020 2.1854 O.116592 897249
2.3040 2.1873 0116695 867324 .
2.3060 2.1892 0.116799 8e7398
2*3080 291911 0116903 8.7473
2.3100 291930 0117007 8.7548
2*3120 2.1949 O. 117111 8*7622
2*3140 2,1968 0117215 8*7697
2.3160 2.1987 0117319 8.7772
2.3180 2.2006 0. 117423 8.7846

2*3200 2.2025 0O117527 8.7921
293220 2.2044 0.117631 8.7995
2*3240 2*2063 O.117735 8.8070
2.3260 2.2082 0.117839 898145
2.3280 2.2101 0117942 8.8219
293300 2*2120 0118046 8.8294
2.3320 2.2138 0118150 8.8368
2.3340 2*2157 0118254 8.8443
2.3360 2.2176 0118358 8*8518
2e3380 2*2195 0. 118462 8*3592

2.3400 2.2214 O.118566 8.8667
2*3420 2,2233 0118670 8.8741
2.3440 2.2252 0.118774 8.8816
2.3460 2.2271 0116878 8.8890
2*3480 2.2290 0*118982 8.8965
2o3500 2.2309 0.119086 899040
2.3520 2.2328 0119190 8.9114
2o3540 2.2347 0.119294 8*9189
2*3560 2.2366 0. 119398 8.9263
2.3580 2.2385 0119502 8e9338

2,3600 2*2404 0119606 8o9412
2.3620 2.2423 01197.1 8*9487
2.3640 2,2442 0.119815 8.9561
2.3660 2*2461 0.119919 8*9636
2.3680 2.2480 0120023 8*9711
2*3700 2.2499 0120127 8.9785
2.3720 2.2518 0120231 8e9860
2.3740 2.2537 0120335 8.9934
2.3760 2. 2556 0.120439 9.0009
2*3780 2.2575 0120543 9.0083 A

2.3800 2.2594 0.120647 9. 0158
2.3820 2o2612 0.120751 9.0232
2.3840 292631 0.120856 9.0307
2.3860 2*2650 0120960 9.0381
2.3880 2.2669 0121064 9.0456 -J
2.3900 2.2688 0121168 9*0530
2.3920 2.,2707 0.121272 9.0605
293940 2.2726 0,121376 9.0679
293960 292745 0.121480 990754
2*3980 2.2764 0121585 9*0828
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OBSERVED TRUE ERROR RAY
DISTANCE DISTANCE ANGLE(INCHES) (INCHES) (INCHES) (DEGREES)

2.4000 2.2783 0, 121689 9.09032.4020 2.2802 0.121793 9.09772.4040 2.2821 O.121897 9.10522e4060 2o2840 0.122001 9,11262e4080 2.2859 09122106 9.12012.4100 2.2878 0. 122210 9.12752c4120 2.2897 0.122314 9o1350
2.4140 2.2916 0.122418 9.14242.4160 2.2935 0 122523 9.14982.4180 2.2954 0.122627 9.1573

2.4200 2.2973 0.122731 9.16472.4220 2e2992 0122835 9.17222.4240 2.3011 09122940 9*17962.4260 2.3030 0.123044 9.18712.4280 2.3049 0.123148 9.19452.4300 2.3067 0.123253 9.20202,4320 2.3086 0.123357 9.20942.4340 2o3105 O.123461 9.21682o4360 2,3124 0.123565 9.22432.4380 2,3143 0.123670 9.2317
2o4400 2o3162 0.123774 9.23922o4420 2.3181 0.123879 9.24662.4440 2.3203 0.123983 9.2541
2.4460 2,3219 0.124087 9.26152.4480 2.3238 O.124191 9.26892.4500 2.3257 0.124296 9.27642.4520 2.3276 O.124400 9.28382.4540 2.3295 0.124505 9.29132.4560 2o3314 0.124609 9.29872e4580 2.3333 0.124713 9.3061
2.4600 2.3352 O.124818 9.31362.4620 2.3371 O.124922 9032102o4640 2.3390 0.125027 9.32852.4660 2o3409 O.125131 9.33592.4680 2.3428 O.125235 9,34332o 4700 2.3447 0.125340 9o35082.4720 2.3466 0.125444 9.35822o4740 2.3484 O.125549 9036572o4760 2o3503 0.125653 9o37312.4780 2o3522 0.125758 9.3805
2.4800 2.3541 0.125862 9.38802.4820 2.3560 0.125967 9.39542.4840 2.3579 0.126071 9.4028
2.4860 2.3598 0.26176 9.41332.4880 2.3617 0.126280 9.41 72.4900 2.3636 0. 126385 9o4251
2.4920 2.3655 O.126489 9.43262.4940 2.3674 O.126594 9.44002.4960 2.3693 0.126698 9o44742.4980 2.3712 O.126803 9.4549

2o5000 2.3731 O.126907 9.4623
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APPENDIX C

APPLICATION OF COMPUTER PROGRAM "HOLOFER" A

The computer program is an adptation of the inversion first proposed j
by C. D. Maldonado[ 9, 10, ill and is designed to invert fringe numbers I
across a field to the density field. It can be operated in three dif- i

ferent modes as described below:

(a) Mode 1

Mode 1 is utilized as a self-test of the computer program. It

can either generate its own input density field using Subroutine FUNCT

or read in a density field through Subroutine FREAD. The program then

generates the fringe array and inverts the array back to the original

density field. This mode was utilized in the present investigation to

determine the value of the scale factor,• , requirad to obtain the

correct density acrqss the fin.

(b) Mode 2

This mode reads in irregularly spaced fringe data and generates

the fringe array at regular intervals across the field using Subroutine

SHEET. By specifying NCODE = 1, the fringe array can be generated by one

of the functions in Subroutine FUNCT. Mode 2 was not utilized *

(c) Mode 3

Mode 3 reads in the fringe data at regularly spaced intervals and A

inverts the array to density data across the field. The Subroutine GARRAY I-
AM

calls Subroutine READ to read in the fringe data. The first two cards

preceeding the fringe data provide the program with the fringe field size, -

location, and symmetry.
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The following parameters were used in considering the symmetric field

case:

PARAMETER INPUT

NOF Run Number

1W 201

JMAX 1

ISYM 101

JSYM I

IM 2

S100

z 0.387

XO 0.0

YO 0.0

PHISYM .0.0

"References [.3] and [12] contain further details and applications

of the computer program. A print-out of the program is included in the

next faw pages of this appendix.

1

i• 126



0000O00O0.0O000000O00 0 O00OO00O00000000 OO000000000

00000000000000000000 0 0000O000O000000O00O0000000

N N

-, N

-4 U. x
*4U. 01- I,_ <
*0 (/)W LU z

*>11 Do<0 '-410
* ) ME0Z . 10

*4 .. .to

z :D-j z VI

*0 xy. 40 0 I C0-4I
* VALu. ...U. Z 7: ICOLA- I
* 4f1ý-z .. P-4 1 0ý"4 1

* -~ WC. x x %~OX- I
*041 -X ->)- X I.CC I
* CLUJ W.J~ 0_.' CC4 I m .-> I

* 01- V)B-Z4< ) X It.Ltt~4 I
* -"L e-X -.4- I -tfl

* 40 XZ < eZ.e. +Ot1 -Q.C I
* WOa. OLJe.QU=)( M4I-, W X I

*-CL CC IIe).. "4 wIU4 I

w a- CZn) -s ý, I J
> <Z 7-1,-~ - 4- IN - I

..j 10-0 u)C4 %~* Wo 1 M*4
0 .4>- wXEDUMw ltC~4j. I N

3: u -- . - >~-Z*.- I. I I
O > X<I-uwO)'-.I01"4..J.4 I p

_jty Z)aC-.j wX:POCI tn<4.4 I14-

1=)-0 I-JO - v~..f . -OI "Q4- 1 0 -

" -j - IYUcn x 1 O"4.4 1 l- x Go
* W W §-.4x &M -zo.j Iv...U. 1I-

* '' WI1-~-4---4~I 0 Luce 2 w
* t 1-eu. wO. >- s-X . r4t( - CC w4 )
* E 4zs-OL-%..Vf4/)W.-ILA'-"4 I- 4

* I/)WW - %,-. >cc .Pý- I -.or I .
* GU)1- .%.'.~.V)CQ I -X< 1 "-4 v40% No *-.-'4
* W>- XCDC1-a-(L -- CCI CD-Q I GO *~ *WMtUt¶O--

*Z U) x1-1-0wo"McZ I zzz I z Ult"4N q*WWCr-4-CDr~-C"r4
"* -'O s .0 I 000O I C) ..q)44-'-"4-

* -4QV ZZZZZZZMO# I ti~uW) e 1 0 E -4E-144I 4zcu
W Z< 0000000 Z IZZZOI 4%U%Mu~~tQ"N.1Ltu lll""o~ 114114 II 4lZ0 II

*>00. E""IZI"44"4t44 4-.-MrfOOZOI-_

*00*-'

$JQQU.)JL U('

127



OOO OO 0000000000000000 0 0 0
~ "4 .4 00

q.-J

4 4 44 4 Ii WW <W

D" 0- W oA

(A r-I

U. I

WI

<< "0z-o-J o.0
0A2 V) 04 O

I-tooc 00

-0-4 $- 0. 0. *4* -

- -4

w ftwa
0: WN 0 Z U.o

4-4 O>r4- 0r-

~0.tO-O N "400t4%

In~~0 0% ON'~~ro q. () 0%

1284flrWZo~ 0rZ



o 0 ooooooooooooooooooooooooooooooooooooooooooo l

0 0 00oooo0000000000000000000000000000000000000

0>

0n-y

** Ox

-4
N *1 17~

LI~ '4. Eli .I

"4 N VQ 0.

0 cc cc 0. +4 I. x +cc
- I..J- N. x U *> N 0 MII
at E I- di *~ 0 % NIn x 4 004

CD44LU 0 "4X x 7 X%% 4 0 g. InO

7- "4zI U.. %C 0-) Nn 0

0~l' 0 r~n1 I-42..If 4 If * E V)4 0 6
oI4A- 0 J .-mn 1 0,-4We" /)I ---o@ 0 " ) 1 0' In rx ' G.-

S.I. t.-~ ZZO Eý 11 in>0.-~X .4 "ý 00 x.. CC 0% <

o0-.0-- ZZO 0.I--)V)-E 044X xx cc 0. co X<
0ý4X eX Zo-"-) O-4~ In 4 N"

X*Z*)Co 1-4-1,- *.*U.OFI--C 110no.-~ DOW~ ON wI- 0 o 4
Mn Mn MW .JOOC @I-I~WD *CC .+ UWW4<O. ~ i or

WJWW xE * .'EE -4(EW %N--I -t I--N +Z coo -'e'--.-f~.E)-1 11W .L00. li-0.'-4 w4J I-

w0 a C - X:>- D >.In4. C3flhl IfII0 I-cc WZ3U.zE 3:11

U.- UL- Z".4

129



ooeooooooooooooooooocooooooooocooocooooocoooooooo

v-4'-

0%0

6. ft

%0

1.- 2.
3:0 0I~L 4~

.f4x 003 4 3

* . S. CC4tZ,4 .

0%. 3W 40 '.ý0

~ a * < )0. zV.0
00w % 0.c ''04#-4w'

0U. CO 0 N UzW. - l~0 UI~
20 0- I 0. 9- W W 0.llC 1-1~

4Z-~ 0 5-0.j 0-.. 1-I0 0-Z 4 )C'
O.4 j Co "~ lk LL '-.I" 0> "...

4u 0 xU m U 30 103a4o->0

e*4 a0 )(obaa X 0. 9 . "4a ) lla ZO
Sao .' 0 40Z ~ . 1 0 .- 0 a *,-eJ .4 2

01 0 "4 0 1 Z. ~ 0 z+COoa " CIN OXaSe4
LUCY* LI-4ClW -2w *-Z90 oz-'- .cD .Zw

WW 00 f *~C ) .. II jW o OD 4-.~WC -. '*.-UJ01~ .. 4
it 0 o.:0 z -4 w) * %0>* *'- IIC... .. W-'N tb%ý 0UW-4 %0 0.-

"40 ý00 ).' 3.. -4 Z<0441 %De V. 40. Urz - INI* .0.2 )0 .

Z~0 H Ol N4 WOtj.~Z 11021 aUZZlJ lil OO Z 00 MO
ZO F- H1 II *4-~o II ~-.- W0Z "44 W II CL 11 alI

IL.4Z1-U . aI 1C 0001-- 3j "-j 1.40 o0 0.0 .- '0 U

"4 z0" "44 3 Cc. I 0Oj: C.-

X 0 OU3::0 0 <130-C-X or -x< 0+ r-- Gu- XI



~a a

OCOOOOOOO0000000000000000000000 40.00
N lO'Q'0O0OOOO-44p"

0 0
in -o

It ef 4 ZW

W6.4 ~ ~ . < c

0-.. 0.0 OU.. 4e.
NWMOil- w4 %0 Z-.

-(L %%, 61 ýv IINW %0 - -00

e 0e - X-C)4-0 11 0D - -U. W-l'
>- n.- 4 ý e -. 1 l W 4 in 11(~ '-U..i i"0n e

1-". C91 0II-. .l-" b.4 '- be.040-J -

6.4 0 qr-zn,0 1--X C.-0 os V *n 0 OL. 60W 0 e.0
X(;Wl--JQOCOIIw~co i 111 11(9C W.-4u LuIu W 1 0.-' * O -

IACLCCL#--00 1--4 1 0'- Ol-W in C-U..-J ZU.U 11

~ 0. 33~ 0. IN~11 - 311 .- '0 qwo ...J..JP4
033 Ze.-C-J- 01 l(W -- W 0 LFZ e. i i 1-1.10 jU

90 Nt -. -* *o .'l,- %4 i'.. .)

)-e-.-..-e ~ 4,- in~ 0*V~0*)131



00000000 Oooooooooooooooooooooooooooooooooooo
,.4g-4#,.4r4#-4rVNN NN ~ L t Lu

00000000 000000000000000000000000000000000000
J-.JJ--JJ- 4 4 4 4 4 4 4 4 44JJi----JJJJ----jJJj-.--jjJJ----
uQ)UuIJuuu U V U Q QUUQ Q

0.

It

P4 P-

%0 _

0.tiW 0.

0
*u Zy 0. WI, in

x- 0~ - f-4

"0- 0 -. C3 -

e4 JU. 0.. 0 tn n W W -

+ <11 x -4 0 . . OZ -4
-U- - .0 0 f l N XN Z 00

-~a ~ IW . - 0+ '4'4 0
In.C4 4 0 we in N. 10.

Z.. eQ 0 + 110 -0 I- *
4. m J. Nj *j 04N X<N D0

0 110 * I I + N C; N >- * N _J* N 004Z Wl

4 lcZ 7-C)04 -urC 0 I N* 11 N-. i N.je 4011N 0.. "
Q WMI-0 CL 11 eu, L. N M It >- 11 _J-4 X111,-,4 Nl 1 -. 4 W

KL)..J W-J< * .13C -J)-I--+ -Ji( + JN m 110 x
0"1-.-i- 0 0 .j 9-1 .. - _J_ý _ji- ~

U. i-r-I- I-- 0-_0 + - -- 7.- 9-4) - * 0 ý

Z* 0 s 0-- -00 94N- N-0 v* N_ * 4o N- -- WJ 0
o 4-401- * OUnON ,-4i4 a + ON 'ON 0" 'ON .- ' 'ON N..j.j *
0)-w00C - . 0 * .0 a 60 .0 *Lu 0W. *e u ow * CO- 0 Wi
3:< * W -CFO o DOWN ..- J .- I-I-.- -- Zo -4-u ý--x ... jtd z
CCQWW * _-i -WWjuN-j1 W * ..J0.0. O~.4I)ý (D.j Ow cbD.jw.j O..JW'I--I,-W e
It 1100I- CO 0. 0 0e11CO * eor-40. 11 11 v-4< 0 0 114 e OU..z o 00< 0 0I% W- 11
-. 000. 11*U~IUI +U3-)><-OXUN- ZZCL00

Dix 11 -_-j - XU- N N U -j. -11w ---... <$ 4
w'.'.WLO-il-L.L JW UU-4 I NJNN'Oi. W-->---L.XWL-4 IJ.... I .WW~ I~ -Jw wZ

132



0- 0-O

000000000o000000000000c~o0000w
cox

N X

N 0 L

o 9. 0.

ýV) 0.0o

1-4 V. 0-< 0 c*0J 0V. *< .
-cc P44 3:.4 ).-- C >rýW -

I-w c 1 1c: c 0. 6..4-4" 0-111 3 -

.m6-p V 0. CC Sac 0-. ý 0:.

)I--w b0 N - 0X 3:3c- X w.i NZ 1-1
tuo N)lr LL IN ll~ 0 N C/~l)

0a- f) 0. 0 0. a-C 0- ~, -

a ." f'-z 0)- 4.>-i W- MOtW-
0.z -- (D - W e 0 X ýl 0. 0 o-

0.- .4%' W 000. ODt*ZL U OU-Uota * *0*00.-%

*x' 0.0.4O 0 o0 oW so. M. V.4a WW5f%

I ~ ~ 0 -JO- P400JI) ZO. v- 0-ý0
0. 4 %-o N aM< . 0. 0.aZ 4-0.

XZa -7U .0. 0 *WV) 0 0-4 q-4 *a- 9C0 ~JCý q.W(/'4
<'-=OC 0-a>- t-WWOI-ZoO .j 0ý---w..jwwo 0---0I-m11

MIA-4- WIIz 1-4--o,-41- Z... -I-- * .ZZ-JI--l--Z.JI-- o . --
I-I- -4w4-. 0""4cW-j << -7 wwc1o404<-44j cIa<w 0.0

aO ýc 0 *Dcr 03z ouZ .0 -400 .02zczw 0<000 *463<
a C, 0 -0 3:t- 9-( - -0 0- 1a. :r3:a0C.D.0a Ow

IA <-IS4 Z4 * -V i *-'U 0ar- 0 .

-UocYz Ot-4-4 *.-40-OZ *I n 1' 0 0 * I ~r *Mo**

I U..ZWX UWWCD 'C0 WC) *W.~--4-J s o 96-4LWWO 0(2)*-I * . .00
.-4-0-C,.JQJ WJXZ *C00.WL o * *(A) .. .ZZ 9 11 I-I-Ll)c . 9 00) 9 .,-I--V) *..JOI--
110 * 0- 0

M *-l-aWWW1Z-0o~..J- Z,-4-Z ~ ~~~DWZ
111111 11 1I H1l1 l 11 .40 '-4 .. ..-0

.4 n .- *-- -4 @-4

133



F- T

SI OOOOO0000000000000000000000000000000000000000

NNNNN NNU'~ AWLL
w o

0. ~~ % L)0 .Z

*w CD ' -z

0~4 (9 -r

-~~ u47-m4r x

ZWOW Z)(. 0B4U- rz

LL 1-- 0-1-- CC Z 9- Q. 1 %.
V) '--U 0 OW M~ I--X

Z Q-HZ WM0 .- F-u

I WMUL 0WZ w. Xo 6-4 Z
Sw V) C- 0 'ox Z=)- W

a m -. _ 0.- x( "LL '.0. U
< I- vý- Z N- V) U- 104 <

V))CZ 4d U .~ ZOo C. I
W~ Deo- Z.- 0 .-..W) (n) Cu

0 0 mr-40 W..JD -IX~ l-. -Z

e. <Z I)4L .. OU - C3:0- -A

C0 I--.-ý--Wj. 00cIe ) 0-- Z %-.'0.- 0..
< 4--4O1 "o' v4 X .0 0ouc%. --

m~' MUJ 0rl~- o-. .-t -cMI- cIa l - -OU
ON I-.- *-9>o-.-ZT WL (V~ No.0--e- U

40 0..-40..- *i(-. ex" ox X .( 9- D1- Z 04<- 6Z'-QI--
wi.- ZU.ZLL WO'tl-W-< '4 .-44U-. q4-Wl--<Dr O-.JW- ZO

00 ,4 -s .- ' 4-z< Z In1 0 ooWWceU)rZ4-4 I-P-40<0.0.
40 J.-WUj-l-- - =>M 0 XO P-q4'-OWL LLO ..- 020wi rr-i- * e. I-P-o N-N-- ~ -I

ce- 2-.-- X $ ) .... r U - < w Z.-J .J..J.J.-J.J-
.J V ZCAXO .-4 C-4x..'C (;< 4-j.- jzp.-4-i-J.-J-J-

-'0 - go .- N 0="ez .-~~

r-40--N 4 < " 00. -) U.. -ie-4LA Wj *LL.-i,~4-.o
";.Wf'-.- M w<.4~CO ý4' +-t 4. ^,0-0 0 ft

w .r',-u.- - o< . xN~j( MXX.XWC~ P-4> 0
ZZ 0b04' -rj -J - I N-DM NC *41' -U.4 - - - -- C 4

04' I- I- . - )X w )<

-4cce.ce.cce>xcce-4ce *w wccwoý~
U..U..O0 0 00=000 ILL01-00 1000CC0- 00oCC00000r.J-Z

V-1 94 .4N ,-41'j P-4 r-EC N' 0
0
0

040



~~1

I-
OOOOOtOOOOOOOOouoooooo~oO

.4 Vr.SO
S ~0

be 00 0+

Z WI-- LU.1

00 I

-j c.'-4JO 4
0 0 Nxcc

to U. *-SS.JV)

o zo

co w 0__.tJmV)z

0- . " -L)L) > 1

CD 04 V.< . -tj.. Olt. -

0 0 0 -I 0 0

U. a* X< -.. I I N%.
o4 17wx)< W* xjLUW

4A CIO 01- -44

xb9n s 0% W-) 0 0-4

C:) 0 .4 q.O(..- 0' U.ll1 0.- -M 1 00
W *-UZ>D ODI~*- . 0 ** 0.

O ~ Z.-.-.> li- -U) :):x *0-49-4 *1-49-N~jl-4: Z Lic c -i
0 1 )4 0 4 9- .4%O r4 U I4.: ý."94-9- 1.0~5-4 9..9)<

Mn Wil X'~~ ý0+C' + LL.WC'.9 + 1 90:: (/)o
1'-= XWX~X 9-. *)<O -X %.Z-i.'.*-s.''.- 7 06@-40 41

W 4"- <<4)- F- -.J XA)tnX"<XWý- 11 0.- "-J IO I~ Wý~~ U7 0-.(000 WUz D-J x1-coz JC4~ 4 .- v.-~4 n .i 1z z JI II I M - 11 111111 11I
_j 11 9X.%W *C 7.499-~0W I ) I-I -III11 - -i ---- -
<- 4- -e'.j0 =*.J-- -. f-.--. c~-4CV--L r. * H ~ n'tn

0 WW OOOZ-X %NM 11 OX~ ft~ 6-64W .0'90
cc a~ X XW<W 11 e-XX) 11 <.N< 11 <~-4-4 11 if 114Z N

CID < ZLLLLUA LLU-WU.LIWJ
D LU O0001-J-Z JWnP .-4JX)XJ0- 1i0-1- 7 0 Q ~ v

U) ow ~ -. 000~ Z~l~~
ci= z ZoIz 0

135



ooooooooooooooooo0 Cooooooo0ooo0000000000000000000

OoCOOO~Oo0 O000000000000000000 OCOOOOOOCO00000000

NL 0

0 U-
V)U

U. of S. +
cr -. 1 -

a 0 0.

4.1 "i in* -

4.~S l-. g--4

~~ I- ~ W I-d 0

U) a) 4 Cx , UW
1.- 0)0 cc * 0J -7 N

6. I- +C N.6I - V+
S.e l'O- S.S IL WO. I4S4 . 4.M O~

wo -Cm..--4 U. -U -1: 00

77. * U-,ti .- .4c V 00 IIiW
CDo N* P~40 r1-0 if )aat.

C.~ID 0. 00 CD cc -LL CDof*4 -7-700D
fz -o. 0..-c: c. U- W.U) o0.1 '1. V. .- cr
z~ 00'ND 0'. - ++ 0'>0- %o +1)n -tL 4 0c

h1U~ O.- wer .--.. V~D i~~
I.cZ ULp.4 LLS. ) 0e w WV)0L). ou -

oW 4~.W.'a * in -< .UV~~#)V)(i (
-4 0.-)-C WX.- 004twX 0-I+0f~N4~ W-%n W~ll s-i Il-J

.O .UfLL(lIo IlZ- +o. 0 10WrC0-~vCL I-#&0C)<L0CO I #

LUJ>C 0 4 w 0 I
0. Vz o0 0 0 b-0 0ZCO - 114. 0~A"1 11 .4 '0>PX~ Ioww 1+ tuZý 1 MZ 0Z .'W 1 -N -OX11@-w) --I0

136



0oo00oo000000000 OOOOOOOOOOO0000000000000000000

0000000000000000 000000000000000000000000000000

z

U)i

wx 0

0 ..4b4d /

"a>I 00

cc (M.W-

+ -- 4 Ua 04s

so3 04 1,)- O O.i-.

It4 9 L - -o

4. 0L V'4 04-4m
4*" zooZ <X.U)

'- ab4m 46- ZL) 4

to4 -i -JOJ

WjO a .-. O-JZ < 0

O x CO(f LL UJ *-4i040U7.
U. Z 4 . .. -41- a: =

: 0- CD LLD mx-u
a: : o-+ -j C WZ - U 0, ".

cc 6 -42 . 4i '''' ..:cZ1-
W~ ~~ ~ X-.4 @ I4-s ~)..0N

0l X%.- 0 a'.c nm>a'.
WC% *-*-=. ID 4 DO - OW4 4ZL/)ý

1.. 1-+ 0i-/)-.'4 + - U. <>-4. WO .%.OW .0
10 CI-4P,+ CC ~ Efl *U L P-o o-") o

0-411111N111N Z m 01.L- I-X/) -L 0N.'4 4

a: -. 1 1.- .44a 0 <L OZo..I<wI _moI 'Z.4c~4

O0ZZtnzceNa:W4 ii) ww 440.1ace

W 0 l <ZOO Z)< ý %t%. X
1 X11N::X 1 0 DU.0.WQ M1 4.X4 M4< <

<0 JL L)LuLQ 0-NC 11 0) *i"W

137Z z tn fcco o 11 co 1 - 14



o00000000000000000000000000000000000000000000000

z

wZ

g-44

0

.j v- .4

o cc w x

wi U. U.O - v-
a %*% U- coNO z +

0 u4L0 00.

00N wleo 00"s-499. x 0 DVULO

0~~~-+. Od 16 DOM ý-O. *XZL :co1-

.4 > ~-'- '4O.4 " +4 *

x <P-.4,. 0 WZ 0 <@-4. %.ý W Wv4 (3 00*
so 00 It 0f~lW Z, CC ~ItoSW 0 0.0 WW .W+- W **

Z 00 -.- loi 1.4 WF.0I-IZ ..4..4doW zz..v OIZomflZ0 *(coCdZ

011 Oln Ziv)Cx:- 44 Z Is X( 1 1- %o'+ *u4 ep-cnZ *--I I--CDiC 0 LW II(.0

i0 ItZItL uOuu z cl 1 1Lc.~c
0 wM~ 111 0 0 L~

138



O00000000000000000000000000000000000000000000000

U..

W~w4

s4

z 0 u

cc xZ

.-. w 0c CI Xw 11. ~ ULX W+

o 0+-0 Co4 4.I-.1- CC+< WU Of. - MCI:

.Ju g~e-.4 OWbNOcI 11 -4tNwo-

0t,-4r- a LL~-tcW iiw I`*-~LL0u.0~C I~-~U~dII Lu-:
041 b 0 at + X Wu

11. cc4C t.DP4 ME

0* *. -X <- NO -m

O U& 'UW X".4 U Urg-+U 0 0 XI. UIk - xf-4UM

4XIX a " +! eLU <C. -M4PLJ GrWV c U~x139w -1



MV17A

0000000000000000000 0000000000000000000 0000000

0000000000000000000 0000000000000000000 0000000

wwwwo

X,

-UZ (1

-j i0 >- WV

*~ 6-- 0.
0 cc (A4 0
I-4 of-'w 02

wO UXW p.

0~> WDW U)
N g- L PýJ L

I-- o 00:O 0-0.-

S. Ogo-4 > -X
CL W .. << a X)-

11V4 1,z -, 1e W4.I-

cc) U 0 <))L o 0.
No 0 XN x -. J -t

I- 0. '4 I ItC- U.. L 44 V n u ON-0
I-OW I--. OILX P.)or ?.-(\IO

2:01-0 44 CL -n .4 tc Z Ce 146
-- W W- 0 !4 .0 x W4'-M< ).XU -

W" --I-. - W -a.. 11 W D t.3 X"-%n -0

5"-Ot 3 + %ý. .ow -4 cc 1-40.1 X.-, av<r-."

dxw V441: 1: j O* X *U tno.wtt- <>- inX7t -1
48-1: If0 8-1 XL) 0--' 0V- X4U)1:c<-p-

00 XOI-ý 0 DO <Z 1: 6LZZ4 n-.>-XLAil
XI-sl 1UI: x I-I6.11W W.- )" ZZ ) 0t 1:4t 0~-0 0 1- +4d7

I-1:WOt-x~ WI.' c e O1:<4 0 Z-U...j- OOZ0 Xtl)OOD +X-
Xu.JWJ%. WW16-0 Go 1c-40Wo 11 ~ XL- fil4 l

LLWU4 '4 40 .W'Cw vCPU. 4>- ttl MC~ W..JI 11000-0-7

W.J.. CO. 0.O *D- X1:0) 0:.-W- 1

C cDq.~1:-8 It OC 0Z N ~ ~ - il'
* @-4 U~I100% II GOO UU/)- ZZ) liielc' *-U-.-

214 0WZ



0000000000000000d000000000c~ooo 000000000 000000
or wO.-4NM%+ LMOrfC0O'

NNNNNNNNNNNNNNNCN1 NNVr

000000000000000000000000000000 000000000 000000

* .4 Z
Z0

I- 0

N >Wcfls->

64 Z

Z<

Z(ZO

'0 0>U

NOO

141Duj



oooooooooooooooooooo00000000000000000oo000000000

0000000000000000000000000000000000000000

III~ 'ceccI *x

U"4 0

* uJ 0~~cl 0+

0.4 0 -W0. .

(bu4 L4V). Il 11

W2IZ 0:5~ >4 0 4
00~ in-~0- -

>4X 0 a.-o~/)-s * -
. 0 4M-.x. 'UI

ZI-I- 0 ZCLO4 < 0-N-..c~N .~;; ;;~ §;.~omm wx ct I
.- ~~'-'4*x4I ~ c c.'0w c 1 I

Z410. 04X-7 0.

O"- II -Xo

-JO a.J(A142



00000000000000000000000_00000000_0000

%Or-oo,4m -rof,

ui ILI
zz

ce U.
0 0

z

-VI .1

LUA
w QU~e L

cc Owo

U. ZZ UL.) O( ILI
* 0 > W)

-~+1 .-irjN~
LUW4 V. W.9-'
wwU. L.) ft 0.LZ -

CLO 9< %W 900 ULLI-<34W

* x. ro 04 (WO -- 611 0.4u".- * 2:
of 11 c c i * * #"4NJeo 0 0. u.~awcc n. I

C 0-- 0. .WXn. (L LL -.3Ct~

0 z 14S *U S.0.+ +>--- 0 0 0.- O*W04
x c -.1. CA 0 -.1 UD 0 W0~0b
2: 4 0 .0~..4) 4 IPA +<44v

) ZVn 3E 99 KU.UdU.U.Wt -.. e I -U)w + u
06- **0@ & Of v)L~ (W) XZ ft 0 GKc-JWI.

0P4V)OJ00 WZ 0 llýI ObOV) 04flVOX * .0xLuuWWI4LW OQ*<x
e- III 111111II X0 0 soW 0 Ow,-4t119 V 911 1 ii-Ci JW.-'~oar-q -.-J **yI-L)

N 1- - 9-0 WO'-'X 0-4'-IZ11 -.-.i ALVW ZVný.-9-ZLIIC .Occyold
~N1N~ O V) Z 11 1--~ 9~-7¾ .0,-40*L')Z s-e OZf~lWot-ZX

fil 0.... W9ý .. 1 9.-Z -00I +(~ o-w1 11 O9CLD -0-0-4 I

"sI-~-%~'OZZ Z9ILU-00"4--U.-K.9999 IZdoIt <-j
ZU..ULL.U.WU.IIWOOIIX UALe~nI u L-u. u.U -ll En~LIWOO _j 44l
OnUUQUUV)X- I9f~.~II04 U ~ Z Uc.r0

0 0 C0 w 0 ol V.)

..UN LU U-(, OmI u' U u

143



71-~

z

U.10 I ILI II

0- ccu

I.,*-* .- z
6- 0 4~- -

0 oZe 0 , N-..>1
z ~ CC '4 i- 9.1.1 30b

WP0. Io.w, ~ ~ c LLa .

ZU. Cie +Z I--0. cC-.v. I-U LU 0 CCiL z W .~~ U.U. .1U
o c : Il aw C)W

<4 0 Of m 1/) W +/

V0 <0 e-4 0 0A 0'Occ "M ~ 0+

< ~ -he ocb V. O-- 11 < X_~ - W-tWotJI



0000000000 0 P
0. ccWi.

w Zý I-b4~ W.Z .
on '.Iz 1-0 W Z.--44

0 0 ...i 07jaw W- w ..

>- 1- Z Z1 Wn4DxZ
(A-r Z- 0<0) WOL 0.9

.40 00Wýfl40< 0U

0 9 0 WWz DIno
- U.. 0c <W 00.1' >.. cz N

.- 41 0 D <- WZWMX) .1- J< t-44.-

0 O.4 0 W1Z-0 4 W 0
4. 4 t--) 0-0 WW zoo-

XN oma M<0 a-4-'. !14-m C.Z .x
mO. C. - 7- Z00 W <<O~ NW)- <~'4'
z 0.9 <ý W D%-iOý-W4.-<-47tW X-~

0*- >I- 40L I- (Aa~ 1- ..-. M 0
4. 00 O4Z OCLW >-_j )O-7)t"

0 -1- 0-4 o.-in k:mDc -7m:@-I'

XW CC1-40 I-- 01 *.X.-N N -W~.0

.4- 0 < .Z.c COW Nojý c1 * ZV)-Z,"Xm .C~W
11 CLI.- 0- OCO~c 0=)=X:W4 t' NW- LL > CA-4Z1

ý-C 0.~ 0C4 00 "CZC< P-N0--w)II0- LLN 1
I--II~ 0-c "~ 0W 0-20-40Z-00 I~i- 0~+ 0

Z 0fl.. Of a- O~m D O < 0 ML

xx~ < 7 -0M C.1
OU *% (\ " ~0a ~

CY X %.OIO0%
0'- 0 n2 >O Ln* r .

*<- 0 -JO N m xQOU4Z4" U1JLqJUOtlQ

-J<CCGUJ,41452



M4~~ ~ ~ ~ 4 4_r_ t *4 lttmntv n~~ o %% O% ý or -Cc ooG

000000000000000000000000 000000000000000000000o

AUO'O.O
coooooooooooooooo o0000000000000X

OOO00000000000000000000L (n00000000~o

Co-

w-U 0.
ez w

z- 0=.C

X 0. n.V. -1

co ~ ~ 0 ZG
Z ~~~ CD b-6-.X

4. 4 0.K X :2

0- >-00CCL

*.4 *KW.%4A CDK. X

x x'-%' z 44 '-4 0

1 K.0 -,. v-)C -'4 Mo4W "No "CZ s.~.UZ)0t ILLD
z -~)U U) Z CU) X- ZO-lU'-Il-* .1- xL.-

X4 0'.' 00 (a 0< De 0-C CC C lii U0UQfVW.1 - V

W - -z -~ eý X-~ < j U-J x~

o.-4II*'-U.LL'-U. $11)U OLDCZLkW0Z x LZXXJ- "bKWW~ -4 o. U-J
F- LNjo:2:X I U. LW ' ") -JC "OCZo)(.%o0KK0x ".

11X 0 t P-(6Z ox-J~z~o>UV I :"

0 J

146



00000000000000 00 000000000000000000000000000

00000000000000 00 000000000000000000000000000

w N

OD~ -o<00.

low zO 9.0..

)W U)..

.-. zz.

z <w<I-

o- z :

I-0 X_ z Z o.ý
OJjý. OD Z 4W41

..L1.. 0% 1.. w

a- * ).c . 0 -7-:t
* Oq .e. 2: LI. .4z~~

-M0 .00 16-0 Vb-1- r
~~~~ZOZ W "W MV < 4 V

_.V U) Go t

OCDZ W 3 U)V O.11 x 4 0 In'. 4 U
1.~W W D 441- <> %.aO~ m-j. U) 0C

*-.ý" - WOu D..Oz 4- 0D +) * - 64I
0 D0cU 00 0U I- 0 0 10-0 CD I * 0 0 t

)0-WOWU)>W W IA <0ý <a1 4pU* .- Iw W

_j.jzwOV1WOC -- Z ' 0 DO Z x* -4NVj) *_J M:
=WW 4D * p)+ 0-t 0 _JO "~%. co %t%%)( 1-- 0X

0D0,)z<4)z t- v_44 <Uv'4 L>
++-0 0 O l- > ZZU) 91,4- *0 (A

00~c.0O ODOW44 0 WZ cOZ Z (fb-4w Z1-

WOWL)CD'-4WLU..W m W QZ0 0OW"<MO00W<MUWO~U4VII t 4
0 ) W ZU

0'0O 0.
N4 NN0 uu u000 In 00U

147



PE

0000000000000000000000000000000000000
0%0o4NMttntit W(% O4NM MD l-W0% O-4N %t %Or- MI% ý4NMt00 PM 00ý4Nn~tn %

I..

4 ~04
U. ato

- N <_JO

U *U.

j u 4N N CO I-Z:D
** %% * CO D)-4LL

z - -**0CLO

LU W tLU ZUZ

I.- u 0 u- 00
U ) 09 V) 0.. %., Z Z

Z:I z Z>_ -0. I 0 <>-O
4D ... WO _jw WL) N ca.

LL V) "-4 i~W ZW z- U)J
co V) + WiI *D I* u woo

CL 4 0) CV 0 -U ) Z- at"AW
Lu D*u W>- u M "xo3

I- 4t _* . O Q- Lo N DOD
) Z (D to 1 l+ LU W..J<

cc <C 4 j .CO 0~'? N vN w* WOOV
* 4 w 4% *-'*W .LL.0-
Sj -J * < "J *4-

Nero MM' CD -,to Q.NO- :---DWoO- q4Z<0'
Cin C CO 1-C0 V) co I�CO Or* Z <

01- ZO 00.01 0 6*40cc < 0O_~ 0 V) <tc_ 0..00<

0*UO -JD oo U.. ._JOC U.. ZOI Uw..JOZZ
0ow WOJ W (-P., 0 zoo WOO~ s-Oco ZW<4O

cc 0 4 - 0 UCO D)LL>
a LU- - ýV C WV) 0-* L -4-

OW Da 4% CD0 e UO DO *_ 0.0 CO ON00 Z wowOD-'

coý x <C CD- I. CO -

N0 ('- U(D Z0 <0 jCO-<D

"WX- OUNW, -OUC" - 00-W - OU.WUIA-JL- U-4 D00"-4 WOZU-TZ

OLU :D < O.LU AO -DCYco .OT U 0 WO1484



o00000000000000000000000000 0000000000000

e-i--4-4-4.~-.-,-.-,- ~- .- .- N~iN NNNNNN NNNNNNN

LL

-- S.I

4-%. Z U
wee 0 z.

Iiz

Woe.i 1L .4 0.*
< 00 0 I

04 9-4 0

** 0 N -S

U.I- 0. <

Le it 0.

0- N 0. )

+~ +~ 4 0 .

0 0-OF V
-i 2a U9. W1 e.
- M4 ) 0L *D ')

P4 0U. 0 0
00. ZeWM . 0 0-U..

v:110 OCOW Lf w <. ca
U.U.Z. .- J0> -1

>- L4 z9 WfI U ".4 ~- -
-- COW~0 <Z C~ V z0 0
cc cc X x 2W1-0 -,4C

*/) U. Z- 4c4 .
C) ý. -- OL4 WI-*e U 0. M C5.'~(
wc: c.tW zco- 0 UJw w c S. 1.
1:1100C 0 to W z " ILZ -ýC

*-o v'J- If) *I.L. -4 <,-4 V)
+Z ra...-~Z'-4 WL'x -x 0- u 0:
.ft I~-*- 0.-.I OZ V) w <Cw.

i -ici -JL ±. L'). z .. 0 ce- (A 2 a xZ -
1 -4q'-~-4U..LU a 1 a11.40 .4!)- z OWZ ~ W Z.e~I LJ

~~CLLL-41X W .~O (') U.I Lt-.WCO
*ZL-Z-< 0V r 0-C.~ OZ 0

111 x'l L V," j 1105c- 0% WC 0x 10

0 0

*~4(~3).**~0

149



0O0000000000000000000000000000000000000000000000

4t

4ZLAJI-J

&ZW .1. 0

c~ z oz

zozxwW Ill a

I- 1-ZX x t
WZ)-oi "m. '
Z"114->-IZ 0i am((
O-J LALAU. Ill @->

Wl-Iw - LWi-Z WU M-

X 0-<.JC.I-- NoJU 0-

OZO-42 Z Li) 0. _ 7

U. U-Li)O00_ X-) a-0
0 0Z-0 04 0. _>)(x
2 4o-uw 1Ao) X0 x

>- DO WtL-)W <xJL S.

am, 000 W -)U XZ 4-0.
Li) ..J <1O1s-O40 "L a

* 3 0.WW-w.-4Zv n-Ln 4-c
X WIL)-QQU f0 * *tNl -0 -1

0 4a-XWOI-WI X>'-X-M 0
0JLIz M. >_0~- 0.< *0 0r'U-

W(LLZ.I "O4X fl "O eW0.
<W UW -n0 - - o' 0.0

o >-Z. 9~)0~ -~- DOD <-L

Il OD.J>- '"04 <>-O~o M < Zr-in *+0
WJ woca~o W~ xvZLA1 In 0- NN)X
0A CC wlI-W 0. 0.-. -0 N~ * -<< cc i-40'cOCJ X-*l 0 C

"'aw1W(r~A< XX-.OX) 0' WLN *<X1F <l4 OtAttiLti 7IJ>. %.
WU OIWWO) <>0 U1A z LA)CY "...aN)<- 0..

o u..'.e Zoo~ 0-%.%0 *aw%440- *9 *1 . . *CI ZZ<-.(AI--Z)- *-
<- WWW< ba-4sn-M4a. *Q.-. 1I 11 11 it 11 0000000 V~-,-1W I <4LA1LuU

0 WO X WD0 ZZZLfALAO 0 N10.~-'- It Ii 11 11 1 11 W1-.--rJa-)~.
O0W0- wwýW Ilo0ciZZmmnI 11 It III 2 ------ 11 I~-Di)< ILAQma-a
a~ ZW CQ-X M2:7WWLU I: LWWI-t-t-I--4r-4 9- 1 -aa---DOL it MIII ) It 0I

~~C WZ-E"ZaLA.$J4b4 <<<xO0~0-.o0.W W4~II -J40j--4zlA
LA WI-U.OAO... UQLJ)UOZ 0-M 1:0 00000 )X- >_ X4% -ct a0:C(O C01.-COO=

94

150



ooooooooooc(:)OoooooooooooooooooooooooI
U%% t co% .- N ct fo f W4in t O N n t N 1 IOD % .4M 4n 0 -w %0-4

tu z

o0000000a00000000000000000000
X 0 N N0 Nz

0 0s

zWa X z
J 0

0 O-4 (Dr 0 >-

W0. 0.4 aX

U. X I. a 0

z zj 2: 0U l-
4z M

*0 W ~ - 0 0

C3 S. S~ . -- 0 (Dwc

- - M~ -N 0a1 1 nL

-> 0 So. 0 .0I -

o 00 )-X 0 OiX- N i '0

*L s-( 0o -2:W11Z0-. 0-c IX X

z W X Ia- ZZWX + -
C) I- aý- +'. >- ~ a -64 .4 a

SIM : O-* IZ *-I UCC U.. a- ~ sd m

(q U- .4 Z ) .00 - 1* -.- C 11 C* 0X-Z

o x -IX 0 0ý0 2W Z- *#-g.-44 0 0'

aO 0. Cie .E CCZO 0 WWZ*(Dxo -14t Oýaf -4

*' 0 w,(a..ZO.),000- X +wZ0l'

0 00 W - .. *i-- Xa') - a 0 *a a *. IW

00.. 0 2 a Lt" aa0 * .41 *)- e a x 06-.044- -
W1 " o- -:mo N "I- ' 0 0

*t .. iJ - J 0 -  ý40 N 1O 0 0 - 4 0X

U.. 2: 01 in ~ l- 0 .1- OII uz.rLUQDOI X- Or 0: 1 g

0~ LU-Lw-OW Z 9Wrz~ ZX vLO-I X -w .4x o-)C-j w. -- I--

LUCY Z w-C 0C .. 9C0 .. O0U~ b.4 0 0I-OZ
ZW .nO 4-,- I-. .i. ) s4 ~ Z * --- W O-<

X - + 4 + 1~'o 1o---1) N I -
XXOOO W Il 0 64. 00 0 - .0-Cc>--Oj *1 Nt 0->- ý 00000 .4O4z 6..J+v>4

ZWU')')U'U')Z-4It - - -*-- 11W. . 11 D10-

>-- )O(ZZWJ <1111 it- it- z -.-- E Z-zn - CýO T

0 j 0-4 P4 0 Wu

Uc"' U %t CAL') %OU

151



000O000000000000000000000000000000000000000o0000 A.

.34

cc

-JOD
.4 ILI

2 0

0. z-

Z& III-:
ccZ2 1.- D

.40 owz

4 1-00

0*ZEUn

-z '- 0-.- .-. < 00S.CS~"III z) --- I UZU. -
0- . - . )'~

0. S

>->00- cc m- ~-. oi-z wvs 4. ~~-
-- 1---.-9-XX .a-s' ~ 2() .W- LL . WI- 0*+ w "-si I

0**c~eci~---I 1-o 4 0- II -XO 0Z-00 OIc 0c~. 0. .~I
OZZ~~~ZZ+Z a 1-1-4.~ - II zl- i H11I-l 1 2: XLfLW .

< %W- a- uLu J
e. .4>w >-- 0JcO

0* Z - ->-< t

=:O IL 04 -152X



000000000000000000000000000000000000000000000000

DZ

x a.
El

00~ w

0

W~,.- j

a.w0 I. x(7

Do V-4-0 0
ow- w- 4.Z
11. V) 0 XGX-10 -j

I-x 0. 1 - (D- . 0

.J< 0 W*-,-. 0,*

.9WL 0 f.D "0Z eOCN
4 1- 01-N+ () I

30-44 Old n- 1 U) NO.0. -7 Il (v.
- Z..J"< -'Wi 4 -) -)~ db. ++ (n -J ")D~. 0 00 1 Z - .- 4b."4.4 ft-) -- '- -7 14

oX -1 H E4 Il- ..- 00n -----.~ -40 D w NI (+l .*V eL/)m 0-1V 11

Jz Il IL

~4.uu u. 94 P4 e--e"4 "I.)"

153

----------------



M -II
0000000000000000000000000000000000000

w
I-.x z

z 
2

-i n x - i

lo ft-

0 W uu
cc0 0 cc. * o-a

x -6 0. >-N CM1 01 X

0 N 0 003: -I @0 40

C 6. 00 0. 0 ZICN 0 -N 0> ~< <) * -

o a<t 0 00 6-4
Vw w ,V0 SI-X+Xx

ZW No ~ 0 lbC N N "N U I .0-InýVx 0 T 0 X.--owa/
N 7. W -4 -ADJ . -)n )( ..Nwn I Z-) W W W " -Xx-.0.. Mo-= w 9 0- U.* cJ . 7*w.k W"-. )z o. 0 0 0 O0X-<J=n iw1-N n I -4~- W Wu-4 0 0 0 *..'-.)C)z It n-.- w 11 -vu 2-: ~ w 4 -. j 1 -01,Xj if -a.1g- 11 -7 n nzV II

XXO0OT*0-'-.0 XOONXO 't- -,-it Ii-.

0 @4N M~

UN) N Nm CY( N

154



O0000000000000000000 000000000 000000000000000

t#000000000 000Oe4rf,.cflo 0000N(0000000

mm:DD~m m

A

ac1

u.5 0
zz+

00

4 0 4U

z t
4 WZ

00 co x Z
111If0

-711) r- CD %.04
4 N Z + t

LUo w LL Qy% -
I.0- d -3 xD 0 4% 0.l11

S. . Z C0 -Xl2:
-xUOON<L )W>-Z=ZZ

4 . >NClV)n n-9.. I-V-44v) 0 Z a %~0 -<w<<c
CCI- ox I x .-- W+xx: + -fr- < N m.

09WW S+ + -WO M-4I- -0 w Ln foez .

-lI' --4.-WxII% X..+II *I. fl-7-X 11 + -'(I ~ 2 I tb 0 0 0 0w

Z4wNZoo<< nZzN <O-ZI-t-- . )- p4 OOWW-J
UWCCO~-0 -%XX7%X *-ltJQQX- -Ctw-ooI- w LU m0.T .41 0 .0c

0.-"-NN>...-NN-I1c J ."g M U 1- II IIZ(>>->-Z-

OU.W<LLNM0"%w-wý Xo00-sO--WCOZ :) M.-.uuuW

`0 P. c4Co 0

N~u N UNl N UNUN u UULU uL

155



a--

X~ Li-~ N U

Z____ p-~T" 0 0

)1.~ftlIO 0000000 Z

x 0 1-0 x1

X -00& -I N U

0 0V)0C a- 06-4
0 _j4 z 0 2.C
aU. 0004 4.4 W OW

>- 0a-4 X .

)- a -( 0. -z "4 0
00 xZcZ gj N P-4u

CC - f/0 -0. a.4- 6- 3:
0. W) WY4X: N~ 0z _

6- o 4C00.u 1-4 cc4% N -

MolOcN -4 "4I->-C

* Z D a -7 0.1 'a.-CC a I I CU

6- W< rW lo)Z N - NZ )- cc
* W -+X %O _ a 0. *ý Nt U 0

>- ~ ~ ~ ) ZQII N: Z IZX O c C
a. ~ ~ ~ ~ ~ ~ 6 "C If 64q >10-0 r c-

CD Wcdl.i0 )-Z>1- a..'o-t >-I- I 6-
X( LLLJM-) v," '-ZIX> 0* 0# 06- 11 11X:

LL 0~0-4 X IZ 00r-4 - NP~l 0. Do c0 0 D
0 w o OOVW-6. )El:* * >-00 1. 7- 6- >-6< ZPa

z~ZQ =uimw I+X *Ný c1 I>r<. x l -
6- no-~' WII 04 am IN I" O% *I 0 W4 WO -

0 ZO~Z-4 zl Z X-.1 )C*Z-NV4 6- p >-I LL ý_- wu w
Z( ILw-0 M X-4 6- "4-4X-x x -W . wl V4z 0 ý

0-0 <$$Il "%N%..I X>WeI,-X-', - _j Z 0- 1- O. I- 0

I.- _ix x~ 0"- 10 1 00 NO U..
4:-=0_4- W Z *7-'%E.I Z9W-Z.X~- . Z -.A M- 0Wd 0

OI-T< .4 0X 0-~ II-X70<- < 00 *.U) NO es 0 wl.. z

CCZat-cc0U- 1:: at 11 - > 1I tc )I w
4f0 ~ IfcIf ItI11 He1"4mot It Jill -11 1l-ato M co0 x

DO~Jt.W OLW-X>0O-4W-b-..atCWLLWON D.1 <WO. t-0

wcx.4u NN w 'I

r-00X= C156



o o 0000 0cO0Oc00000O00,,O00000O0O000000O000

p4 4 "4,.4,.4@e v-rNNCN NNNNN 4%t~tUt t
o 0 0000 0O0000000000000000000000000000000
0 0 0000 000000000000000000000000000000000

W 0
N cc

V)U
K -.
0 2

0..-

0 0
1.- 0

z w '-

U)

4d 6 Lu

ob 0
Z 4 0th.

U Z w

7-4 0

W *b CC<--

co<0 X 00% 8.4I- D
= .) Q: o- v.0.-"

Z ~ <Z 4 6.w dCO r4
o. X : 1 >

~40 Z O'' I- I-o
cq: lo.5 OC C c3X. sq

0z 41' G. ZWL I.U)W I i <f '41 x
LL-t p4-I ZZ axx - - N.

"vQ e--4w w 3 Z - etl. n OWV *%.<W%-n-o >.-.-'--O -N+ r-o a
L- ft . v.-LIt 0 "< -C "0 0e 4DX~:% 0-<r4 (-I-or+ 0,~
ZII comM ""U-7.bq..~ W1 sI- 4 1WNK-C %w a:.v' w.4vo-ao Z

o0z-zI-I-Io-z D m ZOODM It I 1lIN'0L/*--i +1-I- -Il Ib-4 T-)
W~~'.-44:0 0 022Z zKK.-4Cm 0> M"1-411M1 H* WW)

4- <-ZWWrl,-a 0) ZO. xxx- N'XZ 11 '->XA- 11 11 I-- 11 "Il 1-66.4x 11

a:30:3U.L1LawCz Oo*U)-~ #nXw ZW-LW "Ta~
wmtxu 4u~w 0. Wil

0 coo-

0% 0

157



000 0000000000000000000 000000000000000 000000

000 0000000000000000000 000000000000000 000000
co0 0000000000000000000 000000000000000 000000

0. 04

1-4
coz

>_0.0x -Z >

.2:c X~~ss-- 0s- 0.Z :<I0 ,2
.-. 1.~.rr- * 0 s'-% -C <0. 4A

0-- 0 lot Of~. 010 X: . *~

* 0. 0-1 on4 1- I-.. I2s--qN
0, MO 7- *'- - LL0... 7- ~U)-

DI. LL- .4- n~ 0'' n I-. :w602
~0. 'I 2: O'I .V) (X-. 0-1 Z : L .)

0-~ -.,-.% ow,.. 0. X-1~. () g. W tfl

1.4DOCO-h 2W ob2: ) U
C.. CC *. tnm 1-. =-.4%.4 0-%~ t.)" V)Z 0 Z= L

0-4I 'OZ+Z.O 0---r.- -"- 0. Zsn uoif/.."

-4WW01s- W. $.4444<W a 0 r-" 0Z X" )j. 0 1- 0.

.4r 0 L *-4- 0. 0 uýe. 4,
(D0 01 (D L-- eO U i - -

0't C~'Ob f4~ 0nMXUV 0W 0 .
Q% N-4O'0 0 I-- 00 00

I o 94CLx1I *Vfx "2
)" >- CC 0%0. ý-L 2 -U (. 158>



c0o 00000000000000000000000 0000000 00000000

co0 0000000000C)000000000000 0000000 00000000

U.4

4. IL

II 0
ZZ

11 cJV 0.

LL * I..

0 .

"7 tn 0..

%t)( ~ ~ ~ ~ >-' I-(U'.zJ.

M- Z Xi '.0. .400 -

Z-XO .> ) IW>U)n ZN

.. X0r 0 0

.U..0<r--. 0P.- Z .
Z 0 <Z>C 0X0 0'- A-

XflZ' OLCL 0~ < D tnl' -11.

N> -:. 110*- U>Cf 40> U.
ZfrXC-flv.#. wV) -, *Z'.4'. X4-'' s r-0 4

oQZO %--gii-.-.ý v. Z.0ZX 0~e.-4. a$- "
V)Cz W Oe. (DLL I4-.4 0 of v4W.-

XN 0 0*D 0 2 LD2

v-'v4+ N1 %'I4.%. +1 r-4 +L -

-Z O . '-O - tc-"-'-' -7 m .- 0 - -.



77-7-,M ,717,7--77 7 M ý - -:wT:Y

00000000000000 00000000000000000000000000000000

L/Ilfl d) )4 l ())))))))A )VVVVVVVVt V)Lflu )V)VKOVd

0J

CC 4

Z o
0. 0

u 0r
z 2:

< 0. 0

1-I ~ W -4

"LU4 W~
04- V)~f 0 x(

0Z Z *.x

N4 . s-I4 < ~ wx -I

N4U W0L ( XI x-=O
NI X- P4 too. co-

z ""O.o 0. 0. 0.

x0 xe4-<U -4 <ui~l

4 Da. 0ra~- a- 0.e

4)4 i-n < 0*te. NN .-

010 0j 4Z'-Xo- <Ur-4)1-9

00 '.. 0. 4. Xt.N..- 4.n.(.N1 .
zo-s-I.- X(~fCD P4 e") -( .00" *e tf

I-I-X Q'x- W-C tn 144 +V1--) o< " "1-4--l-

04% 0 -01-- P. " V-s . N 6-IOl4 Z:s. cooý

1144110 .. W 4~ 0 <a.ý oozz uvs i t'o wo. ý.-'
Zc0~~ZIICC Xs-- XC wEW~ -44N-)I~f~-- MO <U4.i-)I. 004<4OC

s-4-4uCDIQWr P-N *n.J-- .. t.L)0)0ON) x 0
91: w < < CCD 044-140

11<<10 QJ.4.e 4).. CJ.L) 009-41 ) f u 11 L,0 W -

160

a, -- ~ - -~A



tyw -ý,AZFM

0000000000000000000000000000000000000 000000000

0000000000000000000000000000000000000 000000000
malmommmmm

/)V)V)V)LnCAV)V)V)tnv)V)V)V) 000000000
w

ul
LL 2:1,-
>LUOZ

x:wui

ýjzjcjc
:)0.4<0
(D >
wo1%w

<-ZW
V"

-. 1 Ow Cc
M

1--X (AV)
V)Uj 0.4
1111 0 zzoo

Cobew
r4s.4 Mm 0

39X oil 11.1
00 mmmo

0
f-4-J3: It- U-Muj

OCLO 0 cc I.-
CY 11 cr. co cc<z

00 -0 <0
Coco "W 2: ý-(Ao

WL)CDCL

ww 3c OW
000 00 oz co ý->01--

CCW 0 A 4 ww - U ZO
0 w 0 tLj<<W

> 0.4

oco in Ns-< CM<
LC%%T.O _j %0%0 <LL W

0 000 CL 60 0. 0. J 4-3:
CFC)F- 11 MOO %0%0 < =)Ln-jlý- 2-1
tuw *m - zz -- - (D q< n

0 GO s-4c)<< 11 X<,-,- 11111>0 %W
"bezo wujbtý 0- WWCO- co

cc oui
00a.M It "O-4P-!4!4 V) Mr-4<ý4
ctoc:)o QCCWWZZ - O.'r-10 I-- Z-j 2:

0 00 00 CV..cv-4 Z V) O"uj-
0)ýZ ýZ r-4 00 *aCCC - LL &,4
%%Z Z r-4 Q -- 9ý ONUJW - - - N** .0- -- IN.X
WO-4 " %t P-4 i-4#-IWM v-4 Oj _j UNOO I w wzm z
LI)CC Cc 0 00 0 OUJ 0 0 0 0 *CLNN *^-,o-4r-4%ýý4 Z >P-4F-w- Z
Z+ 1 V-4 w-4cnc7c)r $0 aj-- 01110011 Z - - - - - =0 7:0 0
<O(Do 11 11 11 LUIMCLWýt W $"jý-4r4LLJZCjjý-Zý-v-4-
0ý0-46-46- '14 0.4ý. * 00 0 ý---+ 0 0 0 Wc+ 0 0
11 cococo jmowuuuv it L)COVUJ<<<<<cc 0 X: U- 0 Z

M-1)WOW w
zo-zý- It 11 3:- - - - m w w z x
i-40WOUOVDOI.!.WLLWOOLLU-LLU.L)LLLLLLOu -IL)iXOOOOOLLJZ D WU-l--W"

V) l'-ozou- 0
9-4 Z LUOLLJ
0 "COULLSO

m It U1% %0 l'-w%0%0%0ý010 UU QouQuuQ

161



0000000000000 000000000000004-'-40044N00NCJNN0000

NNN(JNCNNN~tNNN00000000000000000 )OcO0000c,0o00
00000000000000000 000000000000000000000000000000

Wj w

I- z
0 4

0 >-I0.
zi >-11.

- 4<Wwao- W- i

CLCO 040--Z w Wi

co 0-.owoa " wi-

UCL0.0-C) (D) CYCfl

I- > o w...j v -0 .'J4 WIA

.4--Ozmo LL X".~CLL4 U~

*'-~D 8.- IWC)<4 400CD <. W c I0
V4 CA 5 I-. - j-.wCow w~ Li)J

-< w-41 < .' <WZ I0*-W a 0
0i 1i - D.- z4 .. zI WiL>.1-x CC=)

W ~ SO 6-4-~ iai) <Li) V)W. CCZ>-'' .

0a >i4e 0) ,W 0O D)C w )z
-~ 01-4U. IZ0 .- w1.- ..oo- 00 (As-0

-~~~~~~ )LUI- Z0 W 0 0 uc.zL) ) - oX - w94 (

II * . -<'wW oI ax 0.~ V) _o~ 41
2:"'- 1- tL.4 <@Z W) $- - Li) W L 0)L

til IIN 4-.--I- * 2: 0- W> 0J-< ).UJ 0 Z-

Cc0 4 '- 'o x LOý 5. .- .CC C co x =
1-Io < OW M L0< z I- - Ml--W O o

"< w z 1c::-u 0

V).04 _N 1- (uL)LLzJ00w0000QQJi -- "jcJ00

91*10 J " o ~~z Lj <

-KIA- ) ( - - -lO ~ -4- 14- -

0 - -ý ui um n z U 162



oZ I.- z

cz..jo. C000

X~x~ x- I-
4/)04Z ww I. -.
".-U.fl-4 :zZ .0~

6..n CA -Z I-I- ?.,t
-. jzcDQ :> z

0C-4~W 00. 0:+

>--i
.4Jw~- 0-i-

UI~ <w L)" <1-1

w o< 'L-

v* i W:0.iId4"0i:~ a
zl--ow z-+

"ZUAL 163



~ 000000
00000O000O0oOOO003000'.-~,4.-4 OCOCO

0.

0 *:

%o*

-v 4

-0. *c _

en *~ V
- * 4

0.1 *1 N _ý M *0

0ý *M** *r4Iý

-n *yý
wJ *w

- enr~~l * .

"0 PI4d-~ * : 4 ý ý 4e t4 -- c. 0
o1 *11 - 11 - 1 N ll - 1 1ý 1I 11 o

0 -- M . M I

0zo -4 11 11 it clnIMM1 1m 1 :-r 1I 1-A
0w ft e-4 * . ' 0- . ý % I_ r- 0.1-f

!4b t en *NN

0 * - 0%0
-0 - N0

- 0. ~ e .0

~en ~' 0i6!



0000OOOO OO00~OOC1000C O0OC'00000C)00f-O0ooC)000000OC )0000

WWWWWUJWULWWWWWWWJWLUUL:JWUWWWWULLUWWWWWJUWWWWWWWW~tULUWWWWWLUJ UWUJt.W

2: 0 UI. LU WW .c .)-
0.-3. cic 0.0 X). CO M-'0ZZ

a. Z Z *3--i 00)- 3-4 fr-I- <WI-'..-
%w NOLI ON< *W...JL (?.I 4 oofww<2-'.-4 0 Vi

:r COMz Z3- u 3~..L 4>w LIOM

0 -- j.. W>ý T CD..J>w W wo 64ZWWWmzoz-
W -i X* xl. kDLUOWZ._ 0 LL Ox .D-4~'~

0ca Z z 00 a t14 dt)zo-. W onW0Zczw0 U.1
I.-W0 0 0 .ZLI. 0<=MI ..J :- ul ZI-* .j"4Z(O Is
Z< L) b- -CO OLLLI .. )<Wee 400 03-~~ W W0.
0 - LI -t 0I WE w ..AQ=uJ 0.4i 3--u OM4--XZ. x

U. . Z NLL.4 Wrzo.J 0-' I-i- 0 0. Z OW~' LLUU.. -
4 I. W -. mo0w -W U) W '3 ~-'ZZW )-ZWLI
<Z X 0 LýUj CW ~O- I-0 - O)w cwwo-m-'..'9.

0 O-4 4-. -W.) CO0 0 4 z: CI-.joIox §--<
04-4 410 ý.D- (DLOL. 3- Z...'WoIi -. .ii- Z<4..lX<XWD

WiZ 9- .j-a.J"i<OM 4,wQ4. o-140% () P-.Z MXO~>-&-fL--Z w a
I-Wj x a <W= =3t.J-iZ D3: - _j 3-. p4W.j3: -"o4'C W
ZZ: < w wu.: 03M-' 0 1.>- < W~WO> ZO zoZ
-4-4 V. W *aM-J *Z-JWU I-Z<-w U (.±0 =okvoox<<"4~4-Z
cx0 N D >- 1.-<U10.-JCO-L) =)6- ZLU I- cM4wi-x Q<4

0 o 0 *..).-"&-' -< 0W4UJ64 W '-+3- $.4j:.Uc Z<
0 * I.- *ZWCJ O4-U.... Q ~CO oWz xmO) nL->-0L'.W WL

u3c N Z>-.-....w-< _J>4-3 z =)'.4 zLU..oom v~ I
XI.- 14 0 1-- n-XW"-E--U -T Z I U _.j 0 ce c(.:. ro- 0 -1 wi

(P L.)Zop~-.W >-0J3x~W Q..Wv-c3 .4 I.-0. 4W)J-ULý-^WWuii
z 0 "Z-.-03 ... I-'-W0Z 1-4 Z I-~4oLu.&

ZO z w x )-...JZU. NIX =ý-LU.. m Ow z:.X<X--Zng--w wL
0-4 I co/)0)I-- b-l0-VL~L<--W 3 W U cO -o Z3-"o : c
*41) * .40OW37-Zo 9.ct -. %-i ." <~f-~33

wo- I-- 000.40 I < Z- NJ)-). Wu 1'-f C-1.4~4?U
u0 0. ý- J -U-=-W>-..ýJ4-d-.L> Z Z J ZZ-M'0WIPI) U

=w-2: 1- a:>- -j Zi-Iu < 6-4 Z1 U.O.J-. ~
00. Z LI <000I-"-Xw< >X3wuJ!3r 0 11 nI07.LIJ;;ew00flG~V,

W C0: LI-03:ct4Q~o< 0> f-W 11 Z>- W?0IC3 WZ
0..W >- wi ooWce "-MWWcXIINZWLA =) 3- *0 ce Z'.-W--jdZ0ý .

.4 '. I<ww>-3Z..Z4NJ-aw=.4 WO )ýW,.):- P.->0W,,) C4.j11.)4-
-JO~ "- W cflcO0<14 II - Zcjo3- 01-4>0-.4 =)Z . ~-.i)-In
..az e- X Wurxmc00jw XCowwLI ZO 0 W~~4w~) Cl
1-4- CL < )~ Z M4LZW=Z>00LLcU Cot c U4JoLI) wZ..j <Lw w C

MO3M r-0-4U.1 44 IX

7- -10 0 '4 3Cl 2: u.WzL",l o LV
I-LI. < z NI N,- -11 0 3-112rxz4.- :c-o o l

X0 Z >-Zx3-m 4 . 1 04 < -4 1- :.,-Wc--:Coo OZ) I--
0 Wi

4-4 z

4-4 n C)
W c~0 0

0 0i LL I)

165



00000000 00000000000000000000000000000000000000

IA M NUM~olo'o 0,, 00O -- I---r-Pff -C Q' 0CO DOO CO %0 %%0 %o~O'O'O0%
00000000 0000000000000000000000000000000000000.-0

wwwwwwww WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW

* 0

0%

ikC- xx

* "4

0.Z-

0* "491
2* ee

CI 4 -"4

4. "4..

6-* "a,"

Z () 0=%-.) t:= C3 (
o< 4. z co

i0. * L- I.N -0" ' "4n - 4z

* jln-4_ 0 mm) 0 - if0 m

* _ 0" >-> ewr 9" v.Z_.r_ N

* ou Ol .. - *4o j I-- r-l4 11 11 "4111111

1664-4 ýý



000000000000000000000000000000000000000000000000

000000000000000000000000000000000000000000000000

wwwwwwwwwwwwwwwwwwwwwwwwwww wwwwwwwwwwwwwwww wwwww
u-w

XI-X
ow)

ZZx 0
041.- 1--

3: z

c~mz a

ONo g-t
LLcd-

XCL %

.e4 z
0-41- p- M

4+0u .0 9

X.-.0 LU ob

-)P 0- 2:n
4* U >- f. N

Z ex t z-
"1-4oD w~ .-. co

6-1 .011 in 00

-Jw* V-4 0 0;N-
0=I- wU Z 0 -,

*-4m o 4 P4 CD-M0
&Ai -0 *ZI cor.-4 0%
Nt %. WX"- -mX -n o-0.

%%rxm r<~f~ w COMM tr. SLn
o cal-%% >-SriN = Ifi0 v-4 00fn.

Itt 0-7:W :E-.1 04-0 cno + V. W-4
0.4/ <COsrX XOD 3 >-0 0%>.-- '400 '-4W5 Ln
ozo N 4...'0 1- <L%'.CAr- I Z U'I ..u +Z co V-4
41*. 0 14X . V0. o qZi. Z CI - Cc 40. - +0 L.-4

0-'* N '40X0 L-XAM - "+ 0-.X>-X Vn-4 v-4 OD Z.JL(D- 1
fo00. - -x -i-*.t- O)( Zx 0. Nn< --t =I- +0CL-. "z-
0.& 'DOC .4tM-P-4cw %%..z-eN 04>- 0 0--X%~' 0.-4 0. a-L)X Lu _j~ I P-1

.- 4-4Z 0-LAI-I)LAC~4- X'-0.I-- -~-O- t-ZOQ~Z I D zzmo..-e
1 Ve-4O t -o 41 <0140>- -'-I 1--0 1-- lI1 z MZ 11 11<0 0

XxIi 11 1-1-4-~- 1- II- 011 9~-40 11 Oý-4C 11 1-1- 11 UZor- wLwwU 1 0
OOOZZXZX a! ZZ-Zz CL<>0.+N>-ZIIV-CjZrZZCL ZiIý-r'jZZM2 -4

x-xw' oaon a0ULWc~0Vl -lL.0I- itiýLL OL)0M.0C-JL)Qu..00 II-JJ.U'. 0
V)-4<MMLLM-4

LALA IA% LA .4 %A mA -.0 n zr-- lrc w co 0%

167



c.000000000000000000000000,00000000000000000000000

z
9.

o c c -0 . O )-
N 0 w 4 NO#->

9. j ft L + A N~ 0 N 0
U+-j v-4 +-J + 3: *." o. V *o -"

O. 1 00-JOIA,-4 - .- I* tnA !J COP-4Z 1 11 J-J-J..J -1 0 Y-4L.-ZZ
ilbcow..J OO0-cm 00'-OMf- -' - I W-!4v~z00cflWZO N +ZM.- J- D 0 f"4 D.4o-4C. 4-(4-0( ODý-cizzz - >-g I 'I>-
11 If 0"O 11 -4- 11 9-4I 40 11v-4 11 '-~CWW..JO" It If 11 It "-z U Zt.LW II

~~~'~~~OOOLL -------- IIL 1164~ LL0Q D v ~ O . It U. II A)..U.JO

*00 0 O~tA 0 t 0UoI- 0 0 0 In 00 00
0"-4 N ritn %T Lnu) '411. 1l- c0 0 0% Or-4 NC%'(

P-46 r r-0" 4 "4r V-4U) "4 V4 .4 ". NN (NN

_________ - - 168



000000000000000000000000000000000000000000000000

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww i

!4
,-4UI.-449-4-4,A

+ 0000000
NNNNNNN NNNNN'NN
0000000 w w W. w .b

+* >->.>--)->-NcONUM
ZNLA0IflU . . 0 *

UM4AI-ONLA-0000000 ZZZZZZZ

r zu0000utP-fr4. r4 ----- 00 0
+ O- 0ZZ 0. 0. S."0 týo co o . . . M,

UZ SWWWWWWWZ4 4ZZ444

Z"-ZZZZZZ .- q... 0-4"#"w X(I--XX $-I I I I I I 1 0

WZ...J--J-ZZZZZZZ-I--I-->XWcfl ------- .xxx- --

-- - -------- LLL :-ý-,-- 11 LLL L-LL LL

.J >->->->.->--If 11 1I 11 11 1I II *******I-f-I-4 L .- '-cj~~t- -01
ZII 11 11 1 ii II ý I ----- ý -. I It 1i1 If 1111 11 DI ----- -m mx: xm

- ------ 0000000 4@444v-4-4r4O0-----.---ZO 00 04-
>- ~~~*4". S -l--" L.-400000000C II 11 11 11 11 1I 11

II --- 0C O 0000 N- --- - - - -
N-X I-- X xx l-- 7 .x I II 11 11 if 11 11 X7-i-)( Z -I If 11 11 111 If 11 V V

* 0

169



000000000000000000000000000000000000000000000000

II
N

"v4
11

00

r4-

+N

cnOfi "%04

r- CO 40 Cn I ON

o eya.fýo - '
"G ")14 + Bnn -Of'- + N ý

Z- L) 00U1<J wo ý:o M4! -
OZ o >r- 01X101 -,0,4)1: - Q11 r-4 11 WtuO"

.(JO 11N t0 + 1 1- NO1 M Z 01 11 1001.

Nl NW% I0 01 iniA0 00 N o n 0.0.-ON
in 0 P'-. OD. OD 01 N.-rN~ n % I t Inn ý

N cm N N N eq NN1 0f mm m mM0 nm

N NZ' 1-01 -0 O~4170



TP1 4

00000000000000000000000000 00000000000 0000000

00000000000000000000000000 00000000000 ooowwow(lu~f

* z

S.S

CLN 6

cq z

C-4 P4 It 0

P0 w
NO%-

-4S WL
_me M

0.4 0

"GO . 0b

-~% 0 t'.P

V). 0

P44 6 .J

0n 0..
%.,p~.1 fnC% I 4 "4 0-4%w

4% ~ ~ -t11ý0 0 4 P4- 0 4V4 W0
rl +f *i + 0 DV

OH A. 0 U' .- g- *J -Jj"A
V4 11 'OJ -4 -. -J* 4*- eO

'I j 00O* OO'0N C'l-
v4M - r-4 _§fl-J 0. tf-0 rAt -4- t 0 -0ý I

*-e-4"-I Ommm 0' 0. 1 %.b I Nd 14-Jj ý e CD Z * 0 CC
011f(L'4"4 1 11116- MODu 041-4. N,. 6-440 *Z P-- l*011D

OWO OO - -J -.. - 0 11 W 11 1I -ý-0 01 O u

co a ... 000." oooo- Ww- ON ci ON 0
"4C fl~-4 CD 0J..J. CIO 0 "44'-4-tC 9-4"(4-t. NN :n 0 0

m~~~~~ ~ ~ ~ V) (AM0. r I t - r ut 0
0I0.-40'IIliiI~ fl .o.tt "01 .4'"4 ISaDII-4I'LJ

'.~' ~ ~ -u.4S.so (- ~ l ~ I~I *~*-.I ~(I~~~171-.I



0000000000000000000000000000000 000000000 000 '

NNNNNNNNNN0flCNbtolor4

V)V)V)V)V)V)V)V)V)LV)LI(/ /LU )fI coo

0CU 0 9

M-Cew~ .-:

<ic zZ900

.ZWWxO o CA. X." WV
1.- 6 ZO0 a V)) .i C3

ZC=I-ZW w 1-04 L.. L )Zb-4W 0

COO 0 I-- Dx-~I--

DW4ZL U. x~ (3 x.W4 .
ZCoFC" t- D-4 w 0=0 0CI-

W>~-'-43 Z -j2. 0-0 <WI-
WwC0 0 <W~ (A 0. - 0 0-

O S4 W ZO = x ý-Xznx
WZ)-Co I-- wZ U) < W4O. .
I--W..JM 4 0 W. Cr /).wEWl
Z Mo '- ZO 0 ( woz00D.

".4-Oc q> W 3:0 WW 00.
z ooww W w- w CDXZ I.-
o OWWLIZO =D CL =0 - 0

0.4'3-l"'-aI--4 1--0- 0 cia D >cw .
I-- Ou..Z i-.C z z Z-6-4wow

4 >-)Cw U... < L) 0-'.Da~CO
o- O 001 (YC xx 0I'M~

w > w I- Comz zw tLi) 0 04Z3: * >
0 bg--ZZW4<~ <= '-"a I-o 0

I W".Zft-4V)I- WI- ii) I-- <..j Mm.
0 2:O< 1404 LOeI _n u cW4I0
cc <4I-I-OWZL Zw QýUoW
< E)0Z/Z I00 Wz~w o c ui Z.---D. d
a a. <01--OZI-Wj-W4L z U. wz<Z44- .
z X O.L)-4LW Wi-0-W I 0WI0.w x
4 &-4 (0(90"-'-aD a- LU. > * g

I.- -W Li.-O-a.j 1-LlOLI-J D Z 6-4 OX0 .O
0i d 0V)C.J0 W.-W< 0 < Z>4-w-o . E) >
#A n ".-W;ICcw> e. nm 00 * En' -

0 ~ZIrd)3o1-- 03 V) Ou..Z a D
Z<0 40aII-l/)Wow :Du NO/WO-4D o 4 )<4
4 (9 U-XW-n)Z=.X= L) Z T-4cO~-Z 0 * (9 J tJ-~ +

-a.J-Z I-1-I-~WE/=)LL o -4 Vd)
Z *I- I CL L/ )-0c 003D~ . W WD *
< ..J "- Y'. " Z owmI-)WW 0 Z -40 -
w W< 0.x x a~m o4 cOmo)0I . 1 'lZ 0

ww xmI~z<I--4 I- t-.-< .
0 i C x- cc ý *Zz

401 W WL :D W 000 >-:I- Iw
D 0 0~ xi ot~.'-4

Z*1 CO< .. 11 11 i-0
* EDQ4U-a>WW N

N
'90 0

tn 0
0
0

172



Zzzzzzzzzzzzzzzzz~zzzzZZZZz7ZZZzzZZZZZZZZZZZZZZz

>-44x LW LLXL 0
*z cr-W CfW- LJ) LV) O1-W U)

W WI-I: Z'-' Of(noo 0. 1--
w Cf ~(DzI- mn1 xI-

3W w LW Wccz 0.-'4 wo W00W X
co~ CO I>- MW - 0oz ow W "-W XWO
wxZI.-M 1-mO o"4w - 0 ý --

co~ m' 2: . o.oiwW< C OV)O W "
z cc C ce= uaý wozCw =ZWLLMO. 0

V) 0-oW 0 Z C.! .J3tZ<.JWZWO. U CZOI-z co
c wOu..- U- Z ..J00.J<Z.-W tnwi< "

w ow 0 M ' 0 - -4j00-.W!ýew.j 6-4m LI*-... 0 .
co oca WO... a" W( <--tj <0 ou0,.- N

7-Z: >-Xxz WI < MO "0 0<-<<
=)Z<D ZI-o ce.- 0 0 2: W00..4- OW..J @4-U..Q
Z4Or~z 4 U0- -1J w DWW3 ýWXDO F-

CC =U.. LA. <4 .j ecO-I-W oj)I.-1--0W-z4
_icxZUI)- CVO ZMCOW. ZQ'4 =WW~-.4 a0

4<W0 w--- W OWOXZLLO vi-"O"W W Z
WWUC.D <U. lxW 00 occacui0o tn4>I- 01-00D 0 W <
LkeIJwz I.-4U. Q. wJ m wmxu OtM-i--w-iwizza- x

14Z 0 wz i-"4 -dL. 0 WZ'oVoo~o<<044 n
IEZzcf 0. W4< M xWOL/)ofl) a >< a3 x
oujp-% uoiW mw~ mo WaZ un)~ CýOW .-lW404Q. WL COO.
oW -..J) m O-q- I-- <Z) W .wWLJL)Ooe32wI ct -
Z3cZ< I-V-q-jMW W o~W OOW.Jv)1-I-ýZV)40 -J
141-<W oo<D zx 5-0 >LL CAW-4.. U... V

clwc. :o.4> 1-- V) xVW0uE~Q 1-
E0ý o M:-"W XZ405-<WCOw~oo00 w

a :Do 4) 0. OC.! 0 Wc 0 ZO Woo>-o W 0nt-
wtno/)) 00 W o Z I-- .. Jj 0. q4 O/WO .oazl-5ý- o, W

5-cZ< o"4f0 ZZ >-< ,OMZOO W4C.D0314 '-U 0 A
ML~o-.4 Wo- <s-o"4.JLY uz0cwýO5-CDx 40DW..s4 cc V

"LUOWLU W :)* wu U4-Q. M~WI-OXMZW W4COU. MO 0
ccý<o>c-c WO*0I "< voý-._j U0-Mm < D Vnz

*I.- Z W cO0 wWNLLI-- UWZ"- .jz 05--)owce Co -
tO.-ld)- UNI- o!)C P- Wo0=Z P0O""XoLLZWO WOo- 0-
0- w Z - cZWW WD0ZZ M.Wý1-0ZLL XOWUZ .4-WW Z I
02:0- -1. WWZ= 5-V)Zn- VC/C < 5- V)Z4)40.I C 04

0= LL I- P-41- Z <4- -., Wo-4000W.140-o I- 0
>-0 3 >- WI-Z "-V) i--r COW-ZN~OZLLW5-Ic =>= 3- )

.*ý- mV) WJ "-Ozw "Wo0.W"4c0WWf-.0WI-4WCDZ U 1-Z
X<CfgZ <WZ~CD lI~C Owo/ 0 Z/)OM LLZOýC-o- Z ww

- aOo W"-- WZI-WI-x WU..W312Z= OW UJWo- :3 m 1(
O Z< <wp.-lo0Z< t.J..JD ZWx F1WOCO0l - w.

:D WOW )X M. M.J"-5-0 DZ "M tn4WO. W O.O:ZLLI- oJ
O 6-4Z (0 6-0 W Dý-.J1-Zw) I Oi-"M>U..oO~mw Ca-i>C 0
Z Z<X1W - WXO: WwM =L)V)MP-4 I-04WIC.DU..0 Z oco
4 D )() D0 0 -WIoL')>Wao Oxac. -Z 0=I-Z 0.10 < ý

cc 0<D 0 CMclcxWo3: 0 wLrc-40COD 0 "W ccv:

W W P4 0 4 O0C)(D 2WX< Dl-. ...J1-z I-C.D),..4CZWN W r
Z oI- Wc 0 Z"O-af)WCm-- V) r(D< -tn. 040-al- z

I- WQZM' .. Ia. I U)'OONOCW ..JO QWLLU-"4-Uj I-Wj LUC
D c)E4*o _.j -i W"*WZwzwmoww> <0>0 =)Z 0 -cZ
a 00 *Z W< wx LL U. * ~IW44W=40W-L>-iwoý 00 co<
W~ CLON< (OU 0- > - W1N)~l5C~.o~-LO Z XMWc

CA w , w
V) 0. D 0l cc

173



Al

00 0000000

O30000000
zz ZZZZ

q<444<44<4
0 www

-I~

0L

x S

+0L

0f

a~ -tv-
0 0 %d:

0o L
0IDT %

00mOf

* -O= I.

* >--" - 11 11V

174



BIBLIOGRAPHY

1. Caulfield, H. J. and Lee, Sun, The Applications of Holography,
John Wiley and Sons, 1970.

2. Ellis, B. K. and Furey, R. J., Wing-Body Interactions at a Mach
Number of 9.5., Naval Ship Research and Development Center Report
2564, Aerodynamics Ldooratory Research and Development Report 1133,
September 1967.

3. Jagota, R. C., The Appiication of Holographic Interferometry to the

Determination of the Flow Field Around a Right Circular Cone at
Angle of Attack, Aeronautical Engineer Thesis, Naval Postgraduate

School, December 1970.

4. Jagota, R. C. and Collins, D. J., "Finite Fringe Holographic Inter-
ferometry Applied to a Right Circular Cone at Angle of Attack",
to be published in Journal of Applied Mechanics.

5. Kaufman, L. G. II and Meckler, L., Pressure end Heat Transfer
Measurements at Mach 5 and 8 for a Fin-Flat Plate Model, Technical
Documentary Report No. ASD-TDR 63-235, April 1963.

6. Kaufman, L. G. II, Pressure Distributions and Oil Film Photographs
for Mach 5 Flows Past Fins Mounted on a Flat Plate, Technical
Documentary Report No. ASD-TDR-63-755, September 1963.

7. Landenberg, R. W., et. al., ed., Physical Measurements in Gas
Dynamics and Combustion, Princeton University Press, 1954.

8. Liepmann, H. W., and Roshko, A., Elements of Gas Dynamics, p. 165,
John Wiley and Sons, Inc., 1957.

9. Maldonado, C. D., Caran, A. P., and Olsen, 11. N., "New Method for
Obtaining Emission Coefficients from Emitted Spectral Intensities.
Part I--Circularly Symmetric Light Sources.", Journal of the Optical
Society of America, Vol. 55, No. 10, pp. 1247-1254, October 1965.

10. Maldonado, C. D., "Note on Orthogonal Polynomials Which Are 'Invariant
in Form' to Rotations of Axis", Journal of Mathematical Physics
Vol. 6, No. 12, pp. 1935-1938, December 1965.

11. Maldonado, C. D. and Olsen, H. N., "New Method for Obtaining Emission
Coefficients from Emitted Spectral Intensities. Part II--Asymmetrical
Sources", Journal of the Optical Society of America, Vol 56, No. 10,
pp. 1305-1313, October 1966.

12. Matulka, R. D., The Application of Holographic Interferometry to the
Determination of Asymmetric Three-Dimensional Density Fields in Free
Jet Flow, Ph. D. Thesis, Naval Postgraduate School, June, 1970.

13. Matulka, R. D. and Collins D. J., "Determination of Three-Dimensional
Density Fields from llolcgraphic Interferograms", Journal of Applied
Physics, Vol. 42, No. 3, March 1371.

175

-! - .- '~-- -n~.



14. Okayama, H. and Emori, Y., "Polarization Effects in Holography",
.yplied P]hv-ics Letters, Vol. 19, No. 9, pp. 359-360, 1 November 1971.

15. AIsen, H. N., Maldonado, C D., Duckworth, G. D., and Caron, A. P.,
Investigation of the Interaction of an External MagneLic Field with
an Electric Arc, Aerospace Research Laboratories Report ARL 66-0016,
January 1966.

16. Olsen, H. N., Maldonado, C. D., and Duckworth, G. D., "A Numerical
Method for Obtaining Internal Emirsion Coefficients from Externally
Measured Spectral Intensities of Asymmetrical Plasmas", J. Quant.
Spectrosc. Radiat. Transfer, Vol. 8, pp. 1419-1430, 1968.

17. Ragent, B. and Brown, R. M., editors, Holographic Instrumentation
Applications, Conference held at Ames Research Center, Moffett Field,
California, NASA Sp-248, January 13-14, 1970.

18. Roe, P. L., Exploratory Flow Measurements in the Wing-Body Junction
of a Possible Mach Four Vehi.cle, Royal Aircraft Establishment Tech-
nical Report No. 65257, November 1965.

19. Folutchko, R. J., Hypersonic Flow Field About a Blunt Slab Wing at
Angle of Attack: Phase I, Aerospace Research Laboratories 64-213,
December 1964.

20. Stewartson, K. and Treadgold, D. A., "Wing-Body Interference at
Supersonic Speeds", Transonic Aerodynamics, AGARD Conference Pro- A

ceedings No. 35, pp. 19-1--19-9, September 1968.

21. Stewartson, K., 01, Wing-Body Interference in Supersonic Flow, Aero-
nautizal Research Council 27-715, 9 February 1966.

22. Stollery, J. K., Hypersonic Viscous Itteraction--An Experimental
Investigation of Flow over Flat Plates at Incidence and Around an
Expansion Corner, Aerospace Res':aech Laboratories 70-0125, July 197r.

23. Thomas, J. P., Invcstigation of the Pressure Distribution on a Blunt-Fin
Blunt-Plate Combination at a Mach N\'mber of 11.26, Aerospace Research

Laboratories 66-0142, July 1966.

24. Thomas, j. P., Flow Investigation At ut a Fin-Plate Model at a Mach

Number o2 11.26, Arrspace Research Laboratories 67-0188, September 1967.

25. Weirich, R L. and Vahl, W. A., Flow-Field Properties Near an Arrow-
Wing-Body I.odel at Math Numbers of 1.60, 2.36, and 2.96, NASA Tech-
nical Note D-4809, October 1968.

26. Winkelmann, A. E.,'Flow Visualization Studies of a Fin .Protuberance
Partially Immersed in a Turbulent Boundary Layer at Mach V, United States
Naval Ordinance Lab:rator; NOLTR-70-93, 20 May 1970.

27. Winkelmann, A. E., •erodynanic Interaction Phenomena Produced by a Fin
Protuberance Par•.ially immersed in a Turbulent Bousdary Layer at Mach5",
AGARD Conferencc Proceedings No. 71, ceptember 1970.

!.7u


